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SELECTIVE ATTENTION: PERCEPTION OR RESPONSE? 


BY 


ANNE TREISMAN and GINA GEFFEN 
From the M.R.C. Psycholinguistics Research Unit, Oxford 


Does our limited capacity in selective listening tasks arise primarily in perception or 
in response organization ? To examine this, subjects were given two dichotic messages 
one primary and one secondary, and had to make two different responses: the primary 
response was to “shadow” the primary message; the secondary response was to tap on 
hearing certain target words in either message. Since the secondary response was 
identical for the two messages, any difference in its efficiency with the two messages must 
be due to a failure in perception of the secondary message. Any interference between the 
primary and secondary responses (repeating and tapping) to target words in the primary 
message must be due to a limit in performing simultaneous responses, since if either was 
correctly performed the target word must have been perceived. The results clearly 


showed that the main limit is perceptual. Á 
words were used to investigate the nature of the perceptual and re- 


Various target v 1 L 
investigated were (1) the information content of the target 


sponse limits. Factors 1 t c d 
words, (2) their range of meanings, (3) their grammatical class, and (4) the compatibility 
between stimuli and responses. A relative lack of response competition was found, 


which might be due to successive organization of the two responses at different stages in 
the perceptual sequence. The results were interpreted in terms of signal detection theory 
and the effects of reduced signal-to-noise ratio produced by inattention were compared 


with those produced by an external masking noise. 


INTRODUCTION 
ve attention have recently been explored in 
by experiments requiring subjects to respond selectively to one 
ous speech messages. When the two messages come from 
different sources, subjects can repeat one back very efficiently, but can usually 
report nothing of the verbal content of the other (Cherry, 1953), apart from a few 
highly important or relevant words (Moray, 1959, Treisman, 1960). If we ask the 
subject specifically to recall single target words presented to one ear, his ability to 
repeat the words on the other ear is totally disrupted at the times when the target 
words occur (Mowbray, 1964). This limit to performance is clearly not due to a 
shortage of ears or mouths, since either message can be clearly heard, and since the 
verbal responses required are successive not simultaneous. But we can still ask 
whether the limit to our capacity for perceiving speech arises on the perceptual or on 
the response side of the brain's central communication channel Can we only 
analyse and identify half the incoming words or can we only organise memory 
storage and response for one of the two messages? j 
1958) favours the perceptual hypothesis and suggests that a “selective 
its content is fully analysed. 


Broadbent ( 
filter” in the brain rejects the unwanted message before 1 
on that all stimulus inputs are fully 


Deutsch and Deutsch (1963) prefer the explanati 
analysed and that selection is made only to determine responses and memory. 


The characteristics of human selecti 


of two or more simultane: 


I 
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not a potent 
other highly 


limit to human speech transmission 
To test how far attention is a feat 


ach being given priority 
(on the basis of 
of the limited capacity available to the subject. 
The primary response is made to the primary message only and the other response to 
both messages. Both are made immediately the stimulus is given, so no memory 


din determining performance. The two hypotheses are illustrated 
in Figure r. 


FIGURE 1 


Responses Responses 


Selection and 


Selection and 
Organisation of 


organisation of 
responses responses 
Response filter. 
Analysis of 
verbal content Analysis of 
verbal content 
Perceptual 
filter 


Input messages 


Input Messages 
(a) 
Selective listening (2) assumi 


(b) 
ng a limit ü 
and (5) assuming a li a i o to perceptual capacity 


Ponse capacity, 


2 is therefore ma 
message 2. Figure rj assumes that th 
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that only one response can be efficiently performed. Response 2 is therefore equally 
inefficient to message I and to message 2. In this experiment, the two responses to 
the primary message are made to the same stimulus, which must have been correctly 
perceived if either response is made correctly. Any reduction in the efficiency of the 
primary response produced by the second response to the primary message must 
therefore be due to response rather than stimulus competition. In the experiment 
to be reported, the two messages were prose passages, played one to each ear of the 
subject over headphones. The subject attended to one of the two (the primary 
message) and repeated it back continuously as he listened to it (the primary response). 
The secondary response, which was made to both messages, was to tap with a ruler 
whenever a particular target word was heard in either message. 

The main aim was to compare perceptual and response competition in the selective 
listening task, but it is of interest also to explore the nature of the limit in more 
detail: (1) What effect will verbal characteristics of the target words have on per- 
formance? Since Broadbent put forward his filter theory of selective attention in 
1958, it has generally been assumed that the main limit in selective attention is 
determined by the information content of the messages. We can compare three ways of 
varying the information content of the target words: (a) varying their transition 
probability (this was done by fitting the target words into the verbal context of the 
passage or inserting them at random points); (b) varying the number of target words 
by using members of large or small ensembles (for example comparing “any digit" 
with the single word “Boat’’); (c) increasing the linguistic or semantic ambiguity 
without changing the number of phonetic patterns by using words with several 
meanings (e.g. "Fit") or several homophones (e.g. “Right, Rite, Write, Wright"). 
These variables might have different effects on perceptualand on response competition. 
If the hypothesis of limited perceptual capacity is correct, some clear differences 
should also emerge between target words in the primary and secondary message with 
respect to these linguistic variables. For instance if the secondary message is filtered 
out before analysis of its verbal content, we should not expect changes in context 


or meaning to affect performance. The subject would react to the target words, if at 


all, simply as particular speech sounds. — 
(2) If the responses compete, what is the nature of the competition? If two 


e same stimulus (for example the verbal response of repeating 
the target word and the manual response of tapping to it), are they determined at the 
same stage of perceptual analysis, or is the manual response triggered simply by 
recognition of the speech sound before its syntactic and semantic role in the sentence 
is analysed? When one states that a word has been perceived" one is not making 
an all-or-nothing assertion: it may be that no stimulus reaching our nervous system 
ll possible ways. We probably analyse chiefly those features 


is ever fully classified in a J 
relevant á the particular response We wish to make. If we assume that speech 


perception is a hierarchical process, in which categorizations may be made at a 
number of different levels, such as the physical sound, the phonemic pattern, the 
word, the syntactic structure and the semantic interpretation, it may be possible for 
different responses to be selected and programmed at different stages in the sequence 
rather than all being dependent on its completion. In the present experiment the 
particular acoustic pattern of the target words could have been sufficient signal for 
the tapping response, but the repeating response probably required a higher level of 
analysis, since subjects were repeating the whole passage rather than isolated words. 
Other experiments have shown that they can only do this efficiently, at the speed we 
used, when they make use of the general contextual redundancy, implying some 
recognition of syntax and meaning. If this redundancy 1s reduced, the repeating 


responses are made to th 
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If the tapping and repeating 
eing “cued” at different points 
tested directly, but the results 
scussion. 

ponse compatibility on attention. 
related to the stimulus, bypass the 


In reaction time tasks there is now con- 
siderable evidence (Leonard, 196r; Mowbray, 1960; Davis, Moray and Treisman, 


1961; Broadbent and Gregory, 1962) that the more compatible, overlearned, natural 


and automatic the relation between stimulus and response, the less effect is produced 


by increases in information content. The subject appears to function as a multichannel 


system in which decisions are taken in parallel rather than sequentially. Would the 


same be true of selective listening tasks? Moray and Jordan (1966) suggest that 
compatibility may be equally important here. 


(4) Finally we hoped to compare the effects 
on the perception of Speech. Broadbent and 
1964) suggested that the perceptual filter mediating s i 
uate" unwanted messages rather than bloc 


in the perceptual Sequence. This suggestion was not 
give some indications which will be examined in the di 

(3) We investigated the effect of stimulus-res 
Can one, by choosing a response which is closely 
usual limited Capacity decision channel? 


-to-noise ratio of all but the selected message, one 
might expect the resultant behaviour to resemble that produced by an externa 
masking noise, 

METHOD 


: vere 
dire MS Two Ferrograph twin-track tape-recorders hee 
used. © experimental messages were Presented on one tape-recorder and the responsa 
Were recorded on one track of the second while the primary message was re-recorded o! 


4 Jim" by Conrad, some of them modified 
d in context. ` Both Were recorded by the pum 
a, ji nda 5 
one and they finished together: each 8e started two or three w ords before the seco 


Po UN Adjective, Noun, one High stimulus- 
2 3 á one main main Several vesponse 
Variable information meaning meaning | meanings conto billy 
Group A Any Digit Tall Boat ; 
Group B Any Colour Hot Trees | ae Tab 
Group C Any Part of Tired i 


Nigh i 
the face bn | Point Tap 
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5 
clear eyes would remain fastened on us ") and out of context in two o 
E : UI ^ ro other 
(e.g. “waste ground interspersed cheek with small patches of ..."). In each ndition 


(e.g. "Hot" in context) there were therefore six target words in the pri 

(three in each of two passages) and six in the corresponding secondary emaur bs 
recordings were used to investigate the following variables, and to compare their effects 
on perception of and response to the target words: (1) transition probabilities from the 
verbal context; (2) ensemble size of the target words; (3) variety of possible meanings of 
target words all sharing the same phonetic form; (4) different grammatical forms of the 
target words; (5) stimulus-response compatibility. 

The fourth tape-recording included the following target words: 

(i) "From" and “But,” each in and out of context, to compare the efficiency of 
responses to functional, non-lexical words with those to the nouns and adjectives 
of the first three recordings. 

(ii) “Right” in context; homophones of “Right” (i.e. “Write,” "Rite" and ‘“‘Wright’’) 
in context; "Right" in the primary message with homophones of "Right" in the 
secondary message. There are two main questions: firstly would the homo- 
phones be any more difficult than the single word, that is would they function as 
several different target words in the same way as the digits, colours or parts of the 
face, or could they all be treated as a single, target, speech sound. Secondly 
would subjects find it difficult to avoid tapping to homophones when inside 
to tap only to “Right,” indicating that the tapping response was initiated at some 
stage before the meaning was analysed? Both answers should help to locate the 
stage in perceptual analysis at which the tapping response was initiated, and to 
show whether this differed for attended and unattended message. 

(iii) "Hot" in context in two primary messages paired with “Hot” out of context in 
the secondary messages, and two pairs with the reverse arrangement. In all 
other conditions the target words were either in context on both ears or out of 
context on both. The context of the primary message could therefore conceivably 
facilitate perception of target words in the secondary message as well. For 
example when the target word was “Hot,” the passage might be about a parched 
and sweating man under à blazing sun in the desert. This restricted subject- 
matter could generally lower thresholds for perception of “Hot” in either passage. 
Pairing target words in context on one ear with target words out of context on 
the other controls for this possibility and ensures that any effect of context is 
restricted to the passage in which the target word itself occurs in context. 


General procedure. All subjects except the control groups were treated as follows. 
They were given some practice trials at repeating back one of two simultaneous speech 
passages, until they were doing this fluently, and also some practice at tapping to target 
words (not those used in the experiment proper). They were then given the experimental 
passages with the primary one always on the right ear, and were asked to repeat back 
this passage, keeping their attention fixed on the right ear. They were told before each 
pair of passages what the target word would be (e.g. Hot in context" or "any colour out of 
context") and they were asked to tap if ever they heard this target word in either ear; 
they were not to shift their attention to the secondary message, since we were interested 
in seeing whether they heard it despite the fact that they were attending to something 
different. It was emphasized that if they shifted their attention, they would miss some 
words of the primary passage and so fail in the primary task. They were asked, after 

ed to a word in the secondary message, whether they felt 


e in which they tapp 
they Pod shifted their attention in order to hear the word or whether it had “just come 
through” while they were attending to the right ear message. They seemed quite able 


to distinguish these two cases, as shown in the results. Cases in which they had shifted 
before hearing the target word were not included in the results, since the secondary 
message had effectively become the primary message for those few moments. —— 

The first passages containing each type of target word were presented in different 
random orders, and the second passages in the reverse order, to counterbalance any 
effects of practice or fatigue. The experiments lasted about 1} hr. with a 10-min. break 
in the middle. Subjects were questioned about which conditions seemed most difficult, 


and were also asked whether the loudness of the two passages remained approximately 
equal throughout. 


Further differences in the procedure adopted for control groups are given in the 
following section on subjects and design. 
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Subjects and design of experiments. The volunteer subjects were undergraduates ag 
Oxford University (none reading Psychology) ; they were paid four shillings an honi 
Their hearing was approximately equal in both ears and each subject equated the longa 3 
of the tape-recordings in the two ears for himself before starting the experiment. hey 
were divided into a number of different groups. . , i " the 

Group A, consisting of 42 subjects, was used in Experiment I, to investigate t m 
variables summarized in Table I. Fourteen subjects were tested with each of the um 
three tape-recordings, following the general procedure described above. Since they à 
had essentially the same conditions, their results were analysed together. h 

Group B, consisting of nine subjects, was used in the masking Experiment, 2. e 
of the same Group A passages was presented singly, masked by noise, and the sube 
were asked simply to tap whenever they heard one of the target words. Thus then 
attention was focussed on the single message and the single response of tapping to target 
words. Each primary and Secondary message in each of the first threc tape-recording? 
was heard by three of the subjects in Group B. The signal-to-noise ratio was adjuste 
in a pilot experiment to give approximately 50 per cent. correct responses. 

Group C, comprising 11 new subjects 
Some points arising from Experiment r. Th 
but were given the new target words and pa 

Finally Group D, a 
effect of cerebral dominance. attended to the right ear ae 
€ cerebral asymmetry favour 
cedure as Groups A and C, vini 
one primary message conta 
ayed to the right ear and one to the left. Each passage re 
ght ear and by half the subjec 


when on the left. All target wi ere tapped to by the right hand a^ 


all target words on the left ear 


RESULTS 
The recorded responses w 
correctly tapped to, t 


z E S RECEIVING VERBAL OR MANUAL RESPONSE 


Uu, Tall Boat 
Target word Fi of face Point nt ree j cem ) Tap Mean 
- In or out of context In | Out | im oai qe Ciel lim rae tel Gar Ou | an | ow 
message { RAN 88-0 834 | 972 | 685 | oso | 681 | oar $55 | 95:5 | 75:0 | 685 | oso. | 675 
Secondary 983 | B44 |956 | 85:2 | oss 997 |758 | 81-9 | 93-3 | 897 |859 
message Tap 85 26 


1S | 991 45] ex | zs | o4 | 6? 
All results are from Gro j 
Which are results from sd Cr B and C except for target words “But” and “From 
Carried out on the number of c iig 
together. One analysis was Di ud tapping responses for all subjects in Group ^ 


Word "Tap." The other analysis wa al conditions except the nouns and the target 


ead Was made j m » (e or 
Tired" out of context conditions (since MR deus pe he “Tap” and “Tall, Hot 
The main points which emerged are as follows: er given in context). 


(1) An overwhelming majority of t 


message rather than the Secondary On, ea S was made to the primary 
8: percent. This Strongly indi 
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TABLE III 


PERCENTAGE OF TARGET Worps ix Primary MESSAGE RECEIVING BorH, ONE OR 
NEITHER RESPONSE 


Digits, Right, Tall, Boat But, 
Colours, Fit, Hot, Trees, From, 
Target words, Parts of face Point Tired Night (Group C) | Tap 


In or out of context In Out In | Out | In | Out In | Out | In | Out | Out 


Both responses .. ..| 873 | 51:1 |921 66:6 |944 | 65°9 |951 679 | 75:8 | 69:0 | 67-8 
One response .-- e| 7x | 20-4 | 6°0 |197 2-6 |21°5 | 3'1 |23°5 | 19°6 | 18-8 |263 
Neither response $6 | 285 rọ |13°7 | 39 126 | 1:8 | 86] 4:6 | 12-2 59 


(2) The target words in the primary message which fitted into the verbal context 
received more responses than those occurring at random points, (p < 0-001, V.R. = 
31-7, d.f- 1,41). In the secondary message the difference was also significant, though 
slighter (^ < 0:025, V.R. = 6-5, d.f. 1,41). Here it was due mainly to the specific, 
lexical words, and was in fact reversed for the words of many meanings. A possible 
explanation here is that the facilitation was due to the context of the primary message. 
This would explain why context favoured only the specific lexical words and not the 
function words or the words of many meanings, since these did not restrict the 
general theme of the primary message. When target words in context on one ear 
were paired with target words out of context on the other ear, the effect of context 
on the secondary message disappeared. Group C made 14 per cent. correct tapping 
responses to “Hot” out of context and rs per cent. to "Hot" in context. This 
confirms that part at least of the facilitating effect of verbal context in other condi- 
tions was due to the related subject-matter of the primary message. Moreover, a 

plished) using the same task has shown no effect at all of 


later experiment (not yet pu > sam Y 
verbal context in the secondary message. This reinforces our belief that the apparent 


facilitation here is an artefact. 

(3) There were some significant differences between the different types of target 
words in both primary and secondary messages. The classes of words (digits, 
colours and parts of the face) received significantly fewer responses than the single 
words, particularly when they were out of context. A Scheffé test showed that the 
difference was significant, p < 0o01 for both primary and secondary messages. The 
words with many meanings were as easy to tap to as the words with one main meaning 
in the primary message, but they were more difficult in the secondary message. 
This latter finding is surprising in the light of other results, particularly of Group C’s 
experiment with the homophones of "Right." These are given in Table IV. In 

t TABLE IV 
ER CENT TAPPING RESPONSES TO “RIGHT” AND ITS HOMOPHONES 


e ———_ ae 
. Right (correct in primary 


1s 2t 3 message); Homophones 
Right | Homophones | Homo hones | (incorrect in secondary 
Target word (correct) (correct) (incorrect) message) 
Dé Lice i ee! 
Primary message 91 94 30 88 
Second: 
ondary 3 8 3 8 


message ee 
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d.f. = 3,6.) Inan overall analysis of variance including both primary and secondary 
message and excluding “other” words (which were common to both) the difference in 
interference with the primary and secondary message was significant (p < ooox V.R. 
= 156-9, d.f. — x, 4) When subjects missed tapping, the results were reversed. 
In the primary message 76:5 per cent. target words which received no tapping 
response also failed to be repeated, as did about 20 per cent. of the neighbouring 
words. Two explanations are possible: either these words were simply not per- 
ceived, or the two responses competed so strongly that neither could be made 
overtly. Perhaps the most interesting point is that missed target words in the 
secondary message caused no increase whatever in interference with the repeating 
response, strongly suggesting that they were not identified at all. This is consistent 
with a perceptual limit to subjects’ capacity which was fully occupied by receiving 


the primary message. 


TABLE V 
INTERFERENCE WITH REPEATING RESPONSE CAUSED BY TARGET Worps 
Per cent. errors and 
Per cent. errors and ` omissions when missed 
omissions when tapped tapping 
Other |; M] 
Class of word 3 Before Target | 5 A fter words |3 Before | Target | 5 After 
| 2 
Primary message 6:2 III 10:8 T4 20:0 765 19:l 
Secondary message 19:2 36:8 318 T4 7o 8-3 To 


A possible difficulty with this interpretation is the high proportion of errors and 
omissions in repeating the three words before the secondary target, when this received 
a tapping response (a mean of 192 per cent. per word). Two explanations are 
possible: (1) it might be due to shifting of attention, so that the secondary message 
was actually functioning as primary message on those occasions where the target 
word was heard. (2) Since the mean ear-voice lag in repeating is three words, the 
subjects' attention might have remained on the primary message until the target 

ow erased the three previous primary 


word occurred, but its occurrence someh: 1 
message words or preven 


ted the repeating response, perhaps by causing a subsequent 


FIGURE 2 


TARGET WORD 


and there whole hut elevated ... - Secondary message 


..with here 
successive fires..-++ a Primary message 


..great silence in which 9) 


" ^ epeating respol 
athe land. A ‘eres silence n BOUE E 


Tapping response 


Interference with repeating three words preceding target caused by target word in 


secondary message. 
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shift of attention (see Fig. 2). To decide whether subjects had switched their 
attention before the target word occurred, we counted the omissions and errors in the 
preceding words, six to three before the target. The interference here was 8-2 per 
cent. which does not differ significantly from the 7-4 per cent. of the "other words." 
(This contrasts with 59:3 per cent. errors and omissions on each of the same words 
on those few occasions where the subject reported shifting his attention before 
hearing the target word.) It seems then that the 8-1 per cent. of secondary target 
words which received a tapping response were perceived despite the subjects' lack of 
attention, but that once these words had “got through" they interfered with repeating 
responses and perception of the following few words of the primary message. 


Latencies. The response latencies for tapping and repeating were measured for 
the first nine subjects in Group A who received each of the three tape-recordings. 
We counted the number of primary message words intervening between the target 
word and the response, which had been recorded simultaneously on the second track 
of the tape-recorded results, For comparison the latency of the repeating response 
to a number of non-target words was also measured; in each case the word selected 
occurred five before the target word. The mean latencies are given in Table VI 


TABLE VI 
RESPONSE Lacs, MEASURED IN Worps 


Repeatin, Repeating wor 
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esponse Tapping target word 5 before prie 
Primary message mean 


32 


Secondary message mean = A5 = | 
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& tapping 
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of unattended words. The same conclusion emerged from the objective measures of 
intensity: the difference in intensity between target words and other words did not 
correlate at all with the number of tapping responses they evoked (the values of 7 
for the different target words in the first recording were 0°00, 0-26, 0-15, — 0:08 and 
0:46 for the primary message, and o:12, —0:06, —0:32, — 0:06, —0:20 for the second- 
ary message). None of these correlations issignificant. This was rather a surprising 
result, which will be discussed later. 

Cerebral dominance. Finally we come to the results for the control Group D, 
relating to cerebral dominance and left-right asymmetry. Table VII gives the 


TABLE VII 


EFFECT or Lert-RIGHT DIFFERENCES ON TAPPING RESPONSES 


Parts of face Point Tived 
In 
Tap context | Out In Out In Out | Mean 
Primary message Left 900 90-0 80-0 | 93:3 | 90°0 | 933 | 867 89:0 
Right 933 | 900 | 767 | 86-7 96-7 | 967 | 967 | 9ro 
Secondary message Left 100 10:0 6:7 6:7 33 | 333 | 167 | 124 
Right o'o 10:0 10:0 3:3 o'o | 6:7 6:7 52 


| oe 


mean percentages of correct tapping responses in the different conditions for the left 
and right ears. On analysis of variance, the difference between left and right ear 


target words was completely insignificant for the primary message, but target words 
on the left ear in the secondary, unattended message received significantly more taps 


than those on the right ear (p < 0025; d.f. — x, 18, V.R. = 7:67). The difference 


is mainly due to the passage containing “Tired,” in context, and the interaction 
between target words and left-right difference was significant ($ < 0025, dfe 
18, V.R. = 6:23). This shows that the choice of left ear for the unattended message 
in the main experiment was, if anything, favouring responses to us seconda mitar Ey 

the primary task of repeating was easier for messages on the 
words, probably because P the secondary task. 


i are capacity for 5 
om d ma ENE E anon also showed differences between left and 


i issions 1 ting the “other 
. The percentage of errors and omissions in repea 

Mende" (Le. not terget vis before or five after) was 100 per cent. for the left ear and 

6 js for th a ht. This difference was significant on analysis of variance 
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secondary message, it is difficult to argue for a difference in importance, in response 
load or in response bias, and the result seems best explained on the assumption that 
the secondary target words are much less likely to be identified than the primary 
ones. There is also some degree of response competition shown by the number of 
occasions when one response to primary target words was given but not the other 
(about 19 per cent.). But in this task the Tesponse competition is much less dramatic 
than the perceptual competition. 

Lawson (1966) has recently repeated this experiment with an interesting difference 
in the task and very different results. Instead of words as her signals to tap, she 
used brief tones or Pips. The difference between responses to the primary and 
secondary messages almost completely disappeared. It seems that analysis of 
simple Physical signals precedes both the selective filter and the analysis of verbal 
content in the perceptual sequence, that the bottleneck in attention arises chiefly in 
speech recognition, where of course the information load is usually much higher. To 


poe message; (2) subjects’ failure to distinguish the 
in the 
expected would hav’ im Secondary message. The only verbal factor we 


primary message. In contrast man i 
; S ; Y of the stimulus 
flected Perception of the primary message (as shown by the number of 


a one of the two responses). The verbal context had a 
uet d E te tapping and repeating Tesponses. Increased size of the 
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but not the other was much higher for target words out of etenim gerer pt 
compared with 8-2 per cent.). Here we have à dissociation between the two ways 
of increasing information—increasing the size of the ensemble and decreasing the 
transition probability. The former appears to affect only the word's chance of 
being correctly perceived, while the latter affects also the selection of responses, 
For the function words in context, there were abnormally few tapping responses 
compared with other grammatical classes of target words. The relevance of these 


differences is discussed below. 


Organization of two competing responses 
ised in the Introduction is the relation between two com- 


The third problem rai : 
ne perceived signal. At what stage in the sequence 


peting responses made to the sam 

of perceptual decisions are the responses selected, and does this affect the degree to 

which they interfere with one another? The present results give no conclusive 

answers to these questions, but they may give some indications. —— 

Firstly we compared the latency of the tapping and the repeating responses to 
The mean latency of the tapping response was shorter, 


the primary target words. 1 ; g resp 
by about 80 millisec., but £ tests on the pairs of latencies to individual target words 
showed significant differences for only 11 out of 27 subjects. The correlation between 


the two latencies was high for nearly all subjects, which makes it unlikely that the 
word was being analysed by two independent systems for the two separate responses. 
The result gives little evidence either for or against serial programming of the tapping 


and repeating responses. DN , ; 
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in the a E me Bos at which each was initiated. Table II shows that they 


foll ne n on the whole. Both responses were worse with classes of 
a a een ds of many meanings or homophones. This 
could be lakes as evidence that both responses are initiated together before the 
E ki bet However an alternative explanation 1$ possible: since the 
differ E is analy of “Fit » “point,” “Right” and its homophones are only brought 
i a TEE Ea in xt, any resultant decrement due to the increased 
dace of a might be cancelled out by facilitation from the verbal context. 
equi Dian ei etc., were only about 5 per cent. worse than the single words, 
when nace in context. Further evidence about the Gass ME COR 
from the condition where tapping to ) as incorrect: W: zn "e e were 
asked to tap only to “Right” they tapped mistakenly to 30 per cent. of “AS Dun 
n : sage, compare! d r We ; 
ee es Le E bjects were certainly identifying the Ege. e mS 
: i " c to thes one-third. Ho 
thirds of the target words and tapping s to avoid tapping to 


i instruction: 
i iti i m the others 1n that the inst 
iis condition de importance of analysing meaning before tapping. Thus the 


30 per cent mistaken taps may be more significant than the 64 per cent. of homo- 
ent. 
tween the tapping and 


phones avoided. NET » 

i i uses the most striking divergence De 
th aan To T bs the verbal context. While the lack of context severely 
dee deme ducing the correct words by 29 per cent., the 


impai ting response, re : 
eds pp ae response Was only 8 per cent. When words were out of 


context, tapping was consistently better than repeating. This suggests that the 


‘ch level of analysis as the re- 
tappi not dependent on the same hig a 
jee M nd While subjects relied on the verbal context to give the meaning 


MM MG GM UM MAu4«u——AA A—A————EEE 


14 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


of target words before they could repeat them back, this was not essential for the 
tapping response. On the other hand the tapping response was facilitated a little by 
the verbal context; the improvement of 8 per cent. was statistically significant. Two 
explanations are possible: either the tapping response was made, in some cases at 
least, to the verbal unit rather than the speech sound, or the effect was entirely due 


capacity for tapping. 

The only other points in Table II at which the two responses diverge are the target 
words “From” and “But,” which in context are much worse at evoking a tapping 
than a repeating response, and the target word “Tap” where the tapping response is 
much better, presumably because of the high stimulus-response compatibility. On 
the assumption that the tapping response is triggered by the speech sound, we might 
explain the difficulty of "From" and “But” in context by saying that the speech 
sounds are less distinct: with sentence intonation, these function words will seldom 
carry as much stress as the lexical items. If we assume full verbal analysis, the 
explanation may be that “From” and “But” are not perceived as distinct functional 
units in the same way as the lexical words, but simply as part of the syntactical unit 
or phase in which they occur. The repeating response could mirror the whole phrase, 
while the tapping response required the subject to isolate the particular words “From” 
or ‘ But within the phrase. In this case the verbal context actually makes the 
tapping response more difficult. 

In conclusion then, we have no convincing proof either that the responses are 
always organized successively or that they are always initiated at the same point in 
the perceptual hierarchy from speech sound to meaning. However, any tests 
which Were not entirely ambivalent favoured the alternative of serial programming 
at different levels of analysis: the slightly shorter latency for tapping, the much 
greater difficulty of repeating than of tapping to words out of context and the 
failure to identity a third of the homophones before tapping, all suggest that the 
tapping response was triggered at a lower level than the repeating response. Any 
evidence which might suggest simultaneous organization can also be explained in a 
way consistent with serial organization. If the serial hypothesis is correct, it might 
account for the relative lack of Tesponse competition found in this experiment, 


Stimulus-response compatibility 


ae third question raised in the Introduction was how far compatibility of stimuli 
an responses might allow them to bypass the limited capacity of selective attention. 


repeating response than the other target wor ) 
secondary, unattended message is being perceived, 
gain little benefit from its compatible response, 
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Nature of perceptual filter 


The last point to discuss is the nature of the perceptual "filter" which so drastically 
reduces recognition of the secondary message. The subjects did hear a few of the 
target words from the secondary message, but showed no evidence of hearing any- 
thing more. Treisman (1960, 1964) suggested a modification of Broadbent's original 
model, based on an analogy with the signal detection theory of sensory thresholds 
(Tanner and Swets, 1954). If the filter reduced the signal-to-noise ratio of unattended 
messages rather than blocking them completely, words which were highly important 
or relevant to the subject might still be perceived despite this attenuation, provided 
that the criteria for detecting them were sufficiently low. This would have the 
biological advantage that unattended messages could be monitored for any important 
signals, without at the same time much increasing the load on the limited capacity 
available for speech recognition. Broadbent and Gregory (1963) measured changes 
in signal strength and criterion when the subject was attending to and away from a 
tone masked by noise and obtained results consistent with this suggestion. It 
explains how in the present experiment subjects were able to hear about 8 per cent. 


of the unattended target words, when told in advance what these would be. 


However a point which seems at first sight unexpected is the lack of correlation 


between the particular words which were detected in the attention and in the masking 
experiments. If the filter has the effect of reducing the signal-to-noise ratio of 
unattended messages, one might expect some parallel with the effects of an external 
Masking noise, in that those features of target words which made them likely to 
survive the one would also make them likely to survive the other. However there 
is an important difference between these conditions which might explain the lack 

ment subjects are occupied with the primary 


of correlation: i attention experi 
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target words, along which the actual target and “noise” words vary in similarity; (2) we 


overlapping and with approximately equal variance; (3) we take a rather arbitrary number 
of 7-6 for the set of "noise" words in any passage; (4) finally we have pooled the results 
for all subjects and all target words in the hit and false positive rates given above. (It 
Seems reasonable to exclude the digits, colours and parts of the face, since the criteria may 
well differ where a class of different sounds must be detected and where a single sound is 


TABLE VIII 


CHANGES IN SIGNAL STRENGTH AND DECISION CRITERION IN THE DIFFERENT 
EXPERIMENTAL CONDITIONS 


_ Mashing Inattention Attention 
( primary message (secondary message, (primary message, 
masked by noise, secondary response) secondary response) 
Primary response) 
—————— 
d' 2-0 r8 42 
B 51 34 30 


(because tapping is the secondar i 
s i y response). Table VIII gives the values of d’ and 
obtained. They are quite consistent with - predictions. d 
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OBSERVING RESPONSES AND UNCERTAINTY REDUCTION 


BY 


J. STEINER* 


From Psychological Laboratory, Cambridge 


Rhesus monkeys and baboons were placed in an observing response situation where 
on any trial they could work for food in the presence of an imposed stimulus or make an 
observing response by pressing a lever to present an alternative stimulus. The reinforc- 
ing properties of the alternative stimulus were assessed by placing the observing response 
on à progressive ratio schedule and were found to vary as a function of the difficulty of the 
imposed discrimination and the degree to which the imposed discrimination had been 
learned. The results are consistent with the hypothesis that the reinforcing strength of 
the alternative stimuli varies with the amount of uncertainty they reduce. Eliminating 
the response requirement showed that the effect was not simply due to the fact that 
informative stimuli permitted a saving of responses. 


INTRODUCTION 


The observing response paradigm introduced by Wyckoff (1952) is a useful one 
with which to study the reinforcing properties of discriminative stimuli. His 
pigeons pecked a translucent key for grain on a schedule made up of 30 sec. trials, 
half of which were positive, terminating in reinforcement, and half negative, term- 
inating without reinforcement. The pigeons could choose either to peck with the 
key illuminated by an imposed stimulus which was white on both positive and 
negative trials, or to make an observing response by standing on a pedal which 
resulted in the presentation of one of a pair of alternative stimuli. If the trial 
happened to be a positive one the key became red, while if it was negative it became 
green. Wyckoff found that observing responses increased as the birds began to dis- 
criminate between the alternative stimuli, ie. as they began to peck more on red 
than on green trials. If the colours were arranged to no longer correlate with the 
type of trial, observing responses decreased, while if the stimuli were reversed, 
observing decreased and then increased again as the birds began to respond appro- 
priately to the reversed stimuli. 

The observing Tesponse in no way altered the probability of food reinforcement, 
but it JS not true to say as Wyckoff does that the stimuli provided “‘only information,” 
ees that no material advantage accrued. Although they could not obtain more 
Teintorcement by making observing responses, the pigeons could and did distribute 
ically with the aid of the alternative stimuli. Because 


negative stimulus, the overall Tes 
alternative than in the imposed co; 
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and Cook (1962) and Zeigler and Wyckoff (196r) where the frequency of reinforcement 
was higher in the alternative than in the imposed condition, and in these situations 
it is not difficult to see the use to which the information is put. 

This is less clear, however, in an experiment by Prokasy (1956) which differed 
from the others in that no specific food producing response was required. Prokasy’s 
Do were given a choice between the two arms ofa T-maze. At the end of each arm 
t hey entered a delay box where they waited for 30 sec. before entering a goal box in 
Which food was found randomly on 50 per cent. of trials. The delay boxes were 
either black or white and the only difference between the two arms of the maze was 
that on one side the colour of the delay boxes was correlated with reinforcement and 
non-reinforcement respectively, while on the other side the colours and reinforcement 
were randomly related. The animals were given equal experience of both arms by a 
procedure of free and forced trials, and as training progressed they showed a preference 


for the correlated side. 

A response to the correlated side can be considered analogous to an observing 
response since it resulted in exposure to discriminative stimuli which signalled 
reinforcement and non-reinforcement. The stimuli on the non-correlated side 
Provided no information of the type of trial and hence are analogous to the imposed 
stimuli of Wyckoff's experiment. In Prokasy's experiment, however, the two choices 
Were equated for both frequency of reinforcement and response cost per reinforce- 
ment, and it is not clear what the animal gained by seeking the discriminative 


stimuli. 
Somewhat analogous behaviou 
us or train. Here observing responses are 
Coming or not, although this does not increase 
times, it is true, that when the bus is coming prep 
etter seat, or a taxi might be taken if the bus is no 
the advance information as to whether the bus is 


r is commonly seen when people are waiting for a 
frequently made to see if the bus is 
the probability of its arrival. Some- 
aratory responses might ensure a 
t in view, but for the most part 
coming or not, has no obvious 
to know our examination results at the earliest 
Possible date; we stay up to the early hours of the morning to hear election results, 
and few of us would resist the temptation to look at our presents if left alone in the 
louse on the day before our birt 1960). The information in these 
Situations usually results in no ma i i does involve a reduction of un- 
tainty Discussing this topic Ber 
3 Bete one of the burdens that the human a LI 
: e information 1S O vii 
ROSE E Eu ed Peta ng but the above examples suggest E 
Sources of reinforcement strength should be looked for. It is doe n te PL 


as Berlyne (196 rtainty is itself aversivi 
o) suggests, that unce i 2 : 
Conflict and Pros e stimuli are reinforcing by virtue of the fact that they 


Teduce uncertainty. 

b Whatever the cause, there is plenty to suggest th 
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EXPERIMENT I 


In all of the work on observing responses to date, discriminative stimuli have 
been present in the alternative condition and absent in the imposed condition. This 
need not be the case, however, and in this experiment an observing response was 
arranged to switch from one set of discriminative stimuli to another. 

The set up was similar to that used by Wyckoff except that his single neutral 
imposed stimulus was replaced by one of a pair of stimuli which marked positive and 
negative trials respectively. The amount of uncertainty associated with the imposed 
stimulus could then be varied by increasing the difficulty of discriminating between 
the positive and negative imposed stimulus. As in W yckoff’s experiment the animals 
could either remain in the presence of the imposed stimulus or make an observing 
response which replaced this with a red stimulus on positive trials and a green one 
on negative trials, these alternative stimuli remaining easy to discriminate throughout 
the experiment. 

Difücult discriminations have been considered to generate conflict in another 
context, namely in the work done on "experimental neurosis" where disturbed 
behaviour has been reported as stimuli were brought together progressively along a 
continuum (Pavlov, 1927; Broadhurst, 1960). The observing response in the present 
experiment can be viewed as a means of escape from such a discrimination, and the 
animals Were carefully observed for signs of “neurotic” behaviour. 

, The difficulty of the imposed discrimination was manipulated by varying the 
erence in brightness between two stimuli and this formed the independent variable 

of the experiment. For the chief dependent variable, a measure of the reinforcing 
strength of the alternative stimuli was required and since previous techniques were 
considered unsatisfactory for a variety of reasons (Steiner, 1964) a new method 
making use of a progressive ratio schedule (Hodos, 1961) was developed. On each 
trial the animals could either remain in the presence of the imposed stimulus or 
Press a lever which resulted in a switch to one of the alternative stimuli, The 
number of bar presses required, however, increased by a step of two following each 
successful switch. On the first occasion therefore, one bar press was sufficient, on 
the next three were required, on the third, five, and so on. Switching to the alterna- 
tive stimuli thus required a greater cost, in terms of bar presses, as the number of 
Switches increased. At the beginning of each session the number of bar presses 
required returned to one, and on each day the level was “titrated.” The number of 


Switches made was taken as a measure of the reinforcing strength of the alternative 
stimuli on that particular day. 


METHOD 


tain hi i i i - 
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not alter the type of trial. On a negative trial the dark stimulus was present and switch- 
ing would alter this to the green, while on a positive trial the bright stimulus could similarly: 
be changed to the red. $ 

The number of bar presses required to switch from the imposed to the alternative 
stimuli (referred to as the ratio requirement) increased by a step of two following each 
successful switch. If the animal failed to meet the required ratio on the bar, it remained 
in the presence of the imposed stimuli and the requirement on the bar did not increase. 
The observing responses could be made at any point in the trial, and once produced, the 
alternative stimuli remained on for the rest of the trial. 

In order to prevent superstitious association between observing responses and food 
reinforcement, the trial did not terminate within 5 sec, of a bar press. Bar pressing did 
sometimes prolong the trial, particularly early in training, but later the animals usually 
made the required number of bar presses quickly at the beginning of the trial if they 
pressed at all. 

The number of switches made each day was taken as a measure of the reinforcing 
strength of the alternative stimuli. Because of the progressive ratio schedule, this was 


directly proportional to the number of lever presses the animal was prepared to make 
to switch. 


Procedure. The experiment was begun with stage E of the imposed discrimination 
which was followed by stage A in which the discrimination was easy and then through 
stages B, C, D, and finally stage E once more. The animals remained at each stage unti 


it seemed from inspection of the record that no further change was likely, and this took 
from 6 to 17 days. 


Results 


Although all of the animals showed peculiarities in their behaviour, nothing 
suggestive of “experimental neurosis” was observed throughout the experiment. 

The animals switched to the alternative stimuli for a number of trials and then, 
when the ratio requirement on the bar became too high, remained in the presence 
of the imposed stimuli. Frequently, however, they resumed bar pressing after 
having failed to switch for some trials. Bar pressing usually began as soon as the 
trial commenced, but sometimes the animals would panel press for a while, and then 


change their minds and begin bar pressing. If the green or an easily discriminable 
dark negative stimulus was present the 


engaged in alternative behaviour, but o 
reinforced trials they wou 
_ The daily performance for each animal is plotted in Figure r which is explained 
in the legend. 

_(i) Stage E. In this stage the imposed stimuli were indiscriminable and the 
animals performed at a chance level. Mr and M2 switched on about ro trials, thus 
meeting a ratio of 19 responses on the lever, and Br switched on I5 to 20 trials which 
required up to 39 lever presses. 

hs Stage A. Positive and negative trials were easily discriminable at this stage 
and performance reached a high level, very few panel presses being made on negative 


trials. The number of Switches fell in all animals, although the change was small in 
the case of Mr. In the case of M2 the fall was 
pressing, however, was not completel: 
switched on the first trial and 

(iii) Stages B, C and D. 


performance on the discrimination tended to fall 


: or there was an increase in the number of switches 
made to the alternative stimuli, whi 
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performance improved. These changes became greater with each successive stage of 
difficulty. 

(iv) Stage E reintroduced. When stage E was reintroduced, discrimination 
ratios fell once again to chance levels, and the number of switches increased. Mr 
reached extremely high levels on the first 6 days, meeting ratios as high as 75 re- 
sponses on the bar, but on the first five of these days, he hardly pressed the panel at 
all in the imposed condition, where he behaved as he had done on negative trials in 
earlier stages, frequently shaking his head between his legs. On the sixth day, he 
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third day, however, he resumed pressing and the number of switches fell to a level 
somewhat higher than it had been when this stage had been presented at the beginning 
of the experiment. 


Discussion 


The situation in stage E was similar to that used by Wyckoff and the results 
confirm his findings. The alternative stimuli were sufficiently reinforcing to maintain 
switching on a progressive ratio schedule even though an observing response led to 
no increase in the frequency of reinforcement. 

In stage A the imposed stimuli were easily discriminable and the number of 
switches fell to a low level. As each new stage of difficulty was introduced, the 
performance on the discrimination tended to fall, and the number of switches to the 
alternative stimuli tended to increase. Both these changes were transient, however, 
and as the animals became familiar with the new, more difficult pair of stimuli, the 
performance improved and the preference for the alternative stimuli returned to its 
previous level. When the final indiscriminable stage was once more introduced, 
switching increased markedly and then fell once more to a level similar to that which 
had been maintained in the indiscriminable stage at the beginning of the experiment. 

The alternative stimuli, therefore, were most reinforcing when we would expect 
uncertainty to be greatest, namely when no discrimination was possible between the 
imposed stimuli, and temporarily following each increase in the difficulty of the 
discrimination. The results are thus consistent with the hypothesis that the 


reinforcing Strength of the alternative stimuli increased with the amount of 
uncertainty they reduced. 


EXPERIMENT 2 


; In this experiment the change in reinforcing strength of the discriminative 
stimuli was followed while learning was taking place. 
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Initially a white imposed stimulus 
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switches he made. B4 showed a small rise on the first day of the blue-yellow dis- 
crimination and then a small drop on the next 3 days. At this stage he was still 
meeting high ratios on the bar especially when the imposed stimulus was blue, and 
the ratio requirement was increased to 33 for nine sessions, which are omitted from 
Figure 2 at the point marked by the arrow. Eventually the number of switches fell 
to a value of about six and most of these occurred when the blue stimulus was present, 
to which he may have had an aversion. 

When the cross-circle discrimination was presented, all the animals showed @ 
small increase in the number of switches which was followed by a fall, and when the 
white stimulus was reintroduced, the number of switches increased once more. 


Discussion 


The result of this experiment is in keeping with that of Experiment r. The 
preference for the alternative stimuli fell as the animals became familiar with the 
imposed blue-yellow discrimination, and rose again when the new cross-circle dis- 
crimination was presented. This later rise was small but all the animals learned the 
discrimination quickly. 

The data are in keeping with the hypothesis that the reinforcing strength of the 
alternative stimuli increases with the amount of uncertainty they reduce and suggest 
that this holds when uncertainty is varied in different ways. These animals switched 
from the white imposed stimulus even though it was the first time they had come 
across it, and it was not the indiscriminable end point of a discrimination as it had 
been in Experiment r. This suggests that there is nothing specific about difficult 
discriminations in this context, beyond the fact that they are associated with un- 
certainty. 

Time did not permit the study of a wider range of discriminations, but it would 
be interesting to present more difficult discriminations which would take longer to be 
learned. Another interesting experiment would be to study the formation of learning 
He with this technique (Harlow, 1949). It is possible that with experience on à 
large number of discriminations, the preference for the alternative stimuli would not 
Increase as a new discrimination was presented. One aspect of learning set forma- 


tion might be that stimuli become reinforcing even before a discrimination is estab- 
lished so that observing responses are strong. 


EXPERIMENT 3 


PRC Ried poned out earlier that with the present experimental arrangement, the 
deent make use of the information provided by the alternative stimuli. When 
on all isis Germ were absent in the imposed condition, the animals panel pressed 
The overall while in the alternative condition they were able to pause on negative trials. 

a response cost per reinforcement was, therefore, smaller in the alternative 


condition, and it is possible that the rei i i i i 
, and it is reinf t = 
pended on this saving in panel presses. Seite 4. nio 


If this were true, the reinforcin, 


at the end of positive trials and 
sponse being required. Had the 
ed, it would probably have taken i 
5 T S8 EAE ressing may I b intaine! 

indefinitely by superstitious association with reo e a wal Tn the case 
5 ia peu 3 ld not be moved. Surprisingly this 
produced virtually no change in his behaviour and he continued to press the locked panel, 


OBSERVING RESPONSES AND UNCERTAINTY REDUCTION 27 


even though it did not move. These presses were not counted, since the microswitch 
behind the panel was not being operated, but from general observation the rate and 
pattern of panel pressing remained unchanged. The panel was, therefore, unlocked and 
panel pressing discouraged by arranging each press to delay the end of the trial. At first 
short delays were used and these were gradually lengthened to 15 sec. In view of this 
experience with Br the other animals were placed directly on the delay situation. 

In other respects the procedure was the same as that used in the previous experiment. 
Positive and negative trials occurred in the same sequence, and bar pressing, as before, 
resulted in the presentation of a red stimulus on positive trials and a green one on negative 
trials, the imposed stimulus being white on “ll trials. After 65 sec. had elapsed the trials 
terminated and a reinforcement was delivered on positive trials. If, however, the animal 
pressed the panel, the termination of the trial was delayed. The length of the delay 
was increased over a few days to 15 sec No change was made in the method of switching 


to the alternative stimuli. ; i 
Four animals, Br, B2, B3 and B4 were used as subjects, and the step by which the 


ratio increased was two in the case of Br, three ior B2, and 10 for both B3 and B4. 


Results 
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stopped panel pressing completely, but the other animals continued to press at the 
beginning of some trials. This panel pressing was almost entirely restricted to those 
trials on which the animals bar pressed, and was probably maintained by a super- 
stitious association between panel pressing and a switch to the alternative stimuli. 
The animals would press the bar and the panelat the same time, and once the alterna- 
tive stimuli appeared, would stop pressing altogether. On those trials when they did 
not bar press, they also did not panel press. Panel pressing could probably have 
been eliminated completely by introducing a delay between each panel press and the 
appearance of the alternative stimuli, but this was not thought necessary since the 
panel pressing was clearly not related to food reinforcement and the animals did not 
press towards the end of the trial. : 

It can be seen that despite these changes in panel pressing, there was very little 
change in the preference for the alternative stimuli. A temporary drop in the number 
of switches occurred in the case of B2, who had been panel pressing at an extra- 
ordinarily high rate before the delay was introduced, but virtually no change was seen 
in the other animals. 


Discussion 


The failure to find any change in the number of switches made to the alternative 
stimuli as panel pressing decreased, shows that the reinforcing strength of the 
alternative stimuli did not depend on the saving in panel presses which the informa- 
tion allowed, It is possible, of course, that some alternative response, such as the 
Superstitious behaviour which was seen in two of the animals, could play the same 
functional role as Panel pressing and account for the results. Although it is not 
Possible to exclude this, it seems unlikely that such responses could have developed 
so quickly and consistently in all of the animals, or that the saving in work should 
have been Precisely the same as when Panel presses were involved. 

, An alternative possibility is that the cost in terms of panel pressing was relatively 
trivial, and that the usefulness of the information was principally in terms of such 
; 1 sponses as salivation. The informative stimuli could 
result in a Saving of unnecessary drops of saliva, etc., and as Perkins (1955) an 
Prokasy (1956) suggest, enable preparatory responses to be appropriate to the type 
of trial and hence enhance the value of the primary reinforcement. 1 

Finally it is possible as Berlyne (1960) suggests, that uncertainty leads to conflict, 
perhaps between Competing autonomic responses or even "expectancies" in the 
classical situation, and that informative stimuli are reinforcing because they reduce 
this conflict, 

These hypotheses Would require elaboration but they could be distinguished 


experimentally, For example conflict might give rise to anxiety, the autonomic 
manifestations of which Could be recorded, while th 
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CLASSIFICATION ON THE BASIS OF CONDITIONAL CUES 
BY 


R. DAVIS and D. H. TAYLOR 
From the Department of Psychology, University of Reading 


Subjects were presented with signals from two sources, either simultaneously OF 
successively. The signal from one source, the “cue” signal, provided information about 
the type of classification to be made; the signal from the other source provided the data for 
the classification. Reaction times were recorded from the moment of presentation of the 
second signal to the moment the subject pressed the appropriate response key. By 
varying the order of presentation and the time interval between cue and data signal, the 
time required for the subject to select the appropriate dimension of variation in the data 
signal was examined. 

When the cue signal preceded the data signal, the results were consistent with con- 
secutive sequential processing of the two signals. When the data signal preceded the cue 
signal a further source of delay was evident. It is suggested that this results from a type 
of intermittency in which processing of irrelevant aspects of the data signal holds up the 
analysis of the cue signal. 


INTRODUCTION 


In a previous paper (Davis, 1964) one of the authors examined a situation in 
which information from two different sources had to be combined in order to select 
an appropriate response. By varying the interval between the two signals and 
measuring the reaction time for the appropriate response from the moment of occur- 
rence of the second signal, the time course of the decision procedure was examined. 

In this Situation both signals played a similar role. If the second signal had been 
exchanged with the first, the total situation would have remained unchanged. There 
are other situations in which information from different sources has to be combined 
in rather a different Way. An example, of some practical importance, is a situation 
in which one of the signals varies along several perceptual dimensions and the rele- 
vance of any particular dimension for purposes of classification is determined by the 
nature of the other signal. That is, one signal, the cue signal, provides information 
about the type of classification to be made whereas the other signal, the data signal, 
provides the data for the classification. This might be regarded as a filtering situa- 
tion in which the nature of the information to be filtered from the data signal is 
determined by the cue signal. Much has been written on filtering as a basis for 
selective attention (cf. Broadbent, 1958; Treisman, 1964) but in most situations tO 
which it has been applied, the relevant aspects of the stimulus situation which the 
subject is required to filter have been determined well in advance of the presentation 
of the stimulus material (usually by the experimenter's instructions). 

k If one uses a technique in which the instructions (or cue signal) as to which 
dimension is relevant are presented simultaneously with the data to be classified, 0 
at a controlled time beforehand, the precise way in which the selective instructions 
operate and the time taken to achieve the selection can be examined in detail. 
Leonard (1958) used a similar technique, in investigating partial advance information, 
to examine the effect of limiting choice within a single dimension (a set of six lights) 
by giving a “cue” signal which indicated which half of the set would contain the 
subsequent signal to respond. 

The technique can be further extended to examine situations in which the data 
signal is presented before the cue signal. In this case the subject receives the 
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information he has to classify before receiving the instructions how to classify it, and 
several alternative strategies may be available to him. LR 
The complete experiment therefore was designed to investigate situations in which 
cue and data signals are given (a) simultaneously, (b) cue signal followed by data 
signal, (c) data signal followed by cue signal, with a controlled time interval between. 


METHOD 


Apparatus 
two projection-type digital display units mounted one 


" Signals were provided by 
mmediately above the other, about 3 ft. in front of the subject who was seated at a small 
d the cue signal, which was 


^em in a sound insulated cubicle. The upper indicator provided | 
= er + oro. The data signal was provided by the lower indicator and consisted of a 
umeral, either 1 or 2, presented in the centre of a coloured disc, which was either red or 
green. It was arranged that signals reached 9o per cent. of maximum brightness within 


5 millisec. of onset and both cue and data signals remained on until they were switched 


off by the subject's response. 

The subject responded by pressing one of four microswitch pushbuttons, and these 
pubs ona were so arranged that they could be comfortably operated by the first or 
middle finger of either hand. 4 
" The nature of the signals presented and the time intervals between them were con- 
ri ga by the experimenter from outside the cubicle. - Reaction times from the start of 

€ second signal were recorded to the nearest 2 millisec. by à. specially constructed 
apparatus, which produced punched paper tape, giving the details of signals and time 
intervals presented, as well as reaction times, in à form suitable for subsequent analysis by 
Computer. The subject was not informed of his reaction times, but if he pressed an 
incorrect button (or more than one button) a buzz in à small loudspeaker sounded as an 
error signal. The same loudspeaker was used to provide an auditory warning signal, 
Consisting of a 500 cps. tone which started either 768, 1,024, 1,280 or 1,536 millisec. before 
the onset of the first visual signal and continue! until the subject made his response. The 
four values of warning interval were used randomly, with equal frequencies through all the 
Conditions of the experiment. 


The sequence of events is shown in Figure I. 


FIGURE 1 
Subject’s 


A 
uditory warning First signal Second signal response 


500 cps. tone 


! 
EXPERIMENTAL SEQUENCE 


[ l 

' Warnin: interval | Inter-signal interval ! "- A 

H- ae T ndomly i varied according to Reaction | 
ditions | 

l varied 1 experimental con i | 

i i} 1 1 

i ! ! 


P vocedure 


t Sixteen paid volunteers, five men and 1I women, beue 
S Subjects. Each subject attended one training Session 


late a 
T an experimental session 1 hr. 


the ages of 18 and 26 acted 
pout 4 hr. and a few days 


lasting about 
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The subjects' task was to select on the basis of the cue signal, + or o, the appropriate 
stimulus dimension of the data signal. The cue signal “+°” was always used to indicate 
that number was the relevant dimension and the cue signal "o" that colour was the 
relevant dimension. The stimulus dimension determined whether the correct response 


, red or green in the case of colours, determined which finger of the 
appropriate hand was correct, In instructing the subject the experimenter tried to avoid 
suggesting that the classification should be made in any particular order. 
possible stimulus-response configurations were balanced randomly among 
and the configuration for any one subject remained the same throughout training and 
experimental sessions, 

The training session consisted of a short introductory series of trials to familiarize the 
subject with the task, followed by a single run of 64 trials. During the training session 
cue and data signal were always presented simultaneously. After subjects had completed 
this session they were divided into two groups of eight, matched as nearly as possible on 
the basis of their average reaction times, over the run of 64 trials. 


FIGURE 2 
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E verage stand, indivi i i 
subject. The reader a 5 ndard error for the individual reaction times for each 


onfidence int imi 
on the standard error of the means over all coin: ee 


eee of the matched groups was given one of two treatments in the experimental 
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In the second run of i i i 
n sg in of 160 trials the interstimulus interval was i i 
ae pA with equal frequency. ©, 128, 256, 512, von uber lx: 
xir ird run of 64 trials the interstimulus interval was held constant at 1,024 
Within each run tt i inati i 
with equal ih he different combinations of cue and data signal were randomized 


RESULTS 


Results are presented graphically in Figure 2 f iti in Fi 
Condition D in the following Torm. : d Mmm 7 
in pes reaction times for the group of eight subjects for each condition/interval 
cim experimental session are plotted, together with two confidence intervals. The 
oes confidence interval represents 9o per cent. confidence limits based on the 
a ge standard error for the individual reaction times for each subject. It thus 
E S an estimate of within-subject variation. The broader confidence interval 
È presents 90 per cent. confidence limits based on the standard error of the means 

ver all subjects. It thus gives an estimate of between-subject, or population 


Variation. 
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tively to the left and right 
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9f each ub P millsec. fixed in 
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DISCUSSION 


It is immediately apparent that subjects behave differently under the two con- 
ditions C and D. 


Condition C. Cue signal followed by data signal. If subjects process information 
from the two signals sequentially, with processing of data information following 
immediately after processing of cue information, this strategy would be represented 
by a function with a linear slope of —45 degrees from its value at zero interval, 
reducing to a value equal to the processing time for the data signal at an interval 
equal to the processing time for the cue signal. This ideal strategy is represented by 
the dotted line on the graph, on the assumption that at 1,024 millsec. an asymptote 
corresponding to the processing time for the data signal has been reached. This 
assumption will be considered in more detail below. It can be seen that the actual 
results follow this pattern over the first 128 millisec. although the mean reaction 
times at 256 millisec. and at 512 millisec. are slightly longer than would be expected. 
It might be argued that temporal uncertainty of the second signal could contribute 
to a lengthening of reaction times over those expected in an ideal sequential strategy. 
However, for the two points at which a series of trials at fixed intervals were used, viz. 
zero and 1,024 millisec., the results for fixed and variable values of these intervals 
differ so little that temporal uncertainty cannot be contributing much to reaction 
times, at least at the extremes of the range of intervals used. The results therefore 
follow fairly closely the pattern that would be expected from sequential processing 
with non-overlap of the processing time for cue and data signal, although this leaves 
unaccounted for the lengthening of reaction times in the middle of the range of 
intervals used. 

Further insight into the nature of the classifying operations in this condition may 
be gained by comparison with the results of a preliminary experiment, with four 
different subjects, which was used as a pilot for the present experiment and which was 


identical in all respects with the C condition, except that two further control con- 
ditions were used. 


4 Control condition 1. In this condition the cue signal was presented simultaneously 
with the data signal but was not varied from trial to trial. The subject therefore 
knew in advance which was the relevant dimension of the data signal to respond to. 
This condition therefore represents a two choice situation along one dimension of the 
data signal with the other dimension always irrelevant and known to be so in advance. 
Analysis of variance of these results showed that there was no significant difference at 
P< 0-05 for reaction times in this condition and for the variable condition at inter- 
ot aa of 1,024 millisec., in which the cue signal was changed randomly from 
r pos control provides confirmation that at the longest interval used the processing 

e cue signal is complete and that the only further processing required is a binary 
classification of the relevant dimension of the data signal. 


of A o ii 2d T this condition no cue signal was presented but at the end 
made. Th ing interval the data signal arrived and one of four responses had to be 

e. e value of one dimension of the data signal determined which hand was 
required and the value of the other dimension determined which finger of the hand 
was required for a correct response. This condition therefore represents a four 
alee situation with the stimuli having two sensory dimensions each determining à 
Prisons nat 9 the response. Analysis of variance of these results established 
that there was no significant difference at p < 0-05 for reaction times in this condition 
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and for the classification of cue signal presented simultaneously with the data signal 
as in the present experiment. 

This control establishes the equivalence in terms of processing time between (A) 
classification of a signal along each of the two binary dimensions used for the data 
signal, and (B) selection of a relevant binary dimension followed by a binary classi- 
fication along this dimension. 

Further it might be observed that the operations described under (A) constitute 
a type of logical "AND" decision whereas the operations described under (B) con- 
stitute a type of logical “or” decision. 

Condition D. Data signal followed by cue signal. In this situation at least two 
alternative strategies may be distinguished. 

(1) No processing of the data signal may occur until the cue signal arrives. In 
this case there should be no change in the value of reaction times as the 
interval between data and cue signal is varied—the same amount of pro- 
cessing always commencing with the arrival of the cue signal in each case. 

(2) Processing of the data signal may start immediately and the classification 
could be reduced to a choice between two alternatives by the time the cue 
signal arrives, although in order to do this both dimensions of the data 
signal would have to be classified and the final choice would be across di- 


mensions. 
The actual results d 


Strategi 

ji oi striking point is that as the intersignal interval falls from 256 millsec. 

to zero, the reaction times for the variable interval show a pe increasing 
delay (up to about 140 millsec.) with respect to the zero MARRE x ue. ^ 

Furthermore the values of reaction times for the longest interval of 1,024 misec. 

f the order of only 100 millsec. in relation 


t i tion o lai 
(both fixed and variable) show a reducti t to a reduction of over 300 millisec. 


to reaction ti t zero fixed interval in contras ; i 
in Condition C. TE therefore seems clear that if any processing of the data signal 


takes place before the arrival of the cue signal, this does Dx cian pant tees 
Teduction in total processing time even at the longer intervals usec. 


i illi to be some kind of interference 
intervals 256 millisec., there appears A c 
leading to A p sant times than would be expected if processing commences 


with the arrival of the cue signal. 

A possible explanation of this effec : 
Period" similar to that found in other situat 
E i i the central systems 

y data signal arrives, the ysi 
Thus one ma: se that as soon as the r ‘ erus 
y pE ify it. However since there is no cue sign 

becom CS ttempt to classify it. 4 : Wes 
to pices ae pin this classification may well Sat Mb. d 
dimension m io ie cent. of occasions if there is no bias towards on 


siop is i :en is of no further use. — ri: | T€ 
Mur GANE signal arrives while this mb DE Pac oe 
ore, i n > : 
Would be consistent with previou d abora i ah Qui. 
Signal would not proceed until t RU mapu 
analysis, This form of intermittency cou 
9f the kind observed at the shorter intervals. 
fan investigation 
3 Science Research 


o not conform with a consistent application of either of these 


i "'refracto: 
t may be offered in terms of a "rel ry 
e dl ae by the first author (e.g. Davis, 1957, 


on the presentation of informa- 


This work was undertaken as P. Council at the University of 


lon in skill situations financed by t 
eading. 
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In choice-res i i 

> ponse tasks employing correction-procedu - i 

E. p! re, error-correctin, 

DUM found to be faster than equivalent correct responses. An expesnest: ae 

bility to compare error-correction RT under conditions of good and poor S-R compati- 
in a two-choice task. After practice, variations in S-R compatibility roai 


signi dc i 
ignificant variations in mean correct RT nevertheless have no effect on error-correction 
lt, and one previously reported (Burns, 1965) leads 


detection and correction. 


INTRODUCTION 
> In laboratory choice-response tasks and in many industrial situations human 
preme are required to correct errors by immediately making the response which 
"d should have made. Two recent investigations have shown that such "error- 

orrecting responses" may be faster than correct responses (Rabbitt, 1966) or even 


than correct response repetitions (Burns, 1965). 
1965) and Rabbitt (1966) suggested that errors are 


Au explain this fact Burns (19€ "ha 

"iie at random, but are, as it were, approximations to COME CLS Pores d 

E ject who has committed an error thus, nevertheless, has partial advance informa- 

ion as to what the correct response should have been. In a task with correction 
ly quickly from among a 


Procedure he can choose his correcting response relative 


T 
educed number of alternatives. 
Burns describes the resul 


é In support of this hypothesis 1 
ontinuous-performance task with one-to-one Stimulus-response mapping. The 


Tesponse-stimulus interval was constant at either 150 millisec. (Condition 1) or at 
hese R-S intervals he examined correction-time 


820 millisec, (Condition 2). Under t 

Under two conditions of S-R compatibility : Direct-Correspondence (DC) where the 
Deon-bulb signals mapped direc t to right onto the response-keys and 
irror-Image (MI) where the ri on to the left-hand lights, 

and vice-versa. 
In the DC condition error-correcting responses Were always f 
Tesponses or than response-repetitions. he difference-score for Mean Correct — 
ean-Error-correcting RT was si greater with a long (820 millisec.) than 
with a short (150 millisec.) In the MI condition error-correcting 
Tesponses were again signific t responses at the 
long R-S interval, but not at difference scores for 
e Correct — Mean Error-corr 
€ MI condition. . — 
urns argues that these results are consistent with the results 0 other experi- 
Tents in which subjects performing choice-response tasks were given fore-signals 
nty as to which of a set of reaction-signals was 


Which : z : 

partiall rtan ae 
y reduced their xe s also been shown that the reduction in RT 

jrect function of the interval between fore- 


to 
be presented. In such tasks it ha: 
Recent theoretical statements may also 


ts of an eight-choice, paced, 


tly from lef 
ght-hand keys mapped 


‘aster than correct 


gnificantly 


antly faster 
the short R- 
ecting RT 


S interval. Overall, 
were significantly 8r 


af 5 
hee informative fore-signal is & d 
al and reaction-signal (Leonard, 1958)- 
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be taken to suggest that, for a given fore-period, this reduction should be greater 
with a compatible than with an incompatible S-R mapping (Lawrence, 1963). Since 
analogous variations in experimental conditions produce similar effects on the RTs 
of error-correcting responses, Burns concluded that error-correction is relatively 
fast because the subject’s error gives him partial advance information as to what 
the correcting response should be. 

The correction of an error must involve at least two processes which are logically 
distinct, though they may or may not take place concurrently: the error must be 
detected and then an appropriate response must be selected from among the remaining 
possibilities. Assuming that the subject takes some time to realise that he has made 
an error, we would expect Burns's finding that the RT of the error-correcting response 
is reduced as the response-stimulus interval is increased. Burns’s elegant experi- 
ment also does not rule out the possibility that errors may take longer to detect with 
his MI than with his DC mapping. In this case we would also expect his finding that 
error-correcting responses are relatively slower in the MI condition. The hypothesis 
of partial information from errors will only account for Burns's data completely if the 
time taken to recognize an error is independent of S-R compatibility. 


Burns's data also do not exclude the possibility that error-correcting responses 


are facilitated by other factors than the subject’s possession of partial advance 
information. 


Burns himself preferred to suggest that the occurrence of an error was 
followed by an orientating response (Sokolov, 1963) which inhibited rather than 
facilitated Subsequent responses. On this assumption the benefit of partial advance 
information would have to overcompensate for such inhibition. However, we may 
reasonably ask how the time taken to detect the commission of an error compares 
with the time taken to identify other, external, signals to which the subject responds. 
These uncertainties as to the process of error-detection are weaknesses in Burns's 
argument. A task in which a subject selects between only two responses is a test 
case, for here the €rror-correcting response is always completely Specified once an 
E eade (it is RUE the response which the subject did not make). In this 
mm is a subject has made an error he can ignore the display (and so the 
Jons of S-R mapping) in order to make the alternative response. Since he does 

cun have to pay any attention to the S-R mapping in order to correct an error, 
erences in the latencies of &rror-correcting responses with S-R compatibility must 


here imply differences in the time taken to detect that an error has occurred 


The experiment described below was made to test this. 


METHOD 
i Apparatus. 
e subject’: i i : A 
25° to SES i IE 9f view this apparatus consisted of a control 
behind each of 
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the apparatus discriminated between errors and correct responses Nev 

alae pra circuit ensured that the signal lamp did not change until an error diced 

EM a Eer on the “correct” grid specified by the Rheem programme. Thus subjects 
e always obliged to correct errors by making the response which they should have 

made before the experimental sequence of signals could continue. For this reason 

Sequences were made up so that no signal was ever immediately repeated—the fast onset 

of signal lamps made it likely that an immediate repeat of the same signal would be 

confused with the failure of the display to change when an error occurred. 

: A Adis ani Eight experimental sequences of 500 signals were programmed írom a 

able of random decimal digits with minimal alteration necessary to ensure three 


constraints: 
(1) No signal was repeated. 


(2) All signals appeared equally often. 

(3) Transitions between signals in the set of left-hand lamps 1 through 5 and signals 
in the set of right-hand lamps 6 through 10 occurred exactly as often as transitions 
between signals within either of these sets. 

Four of these sequences Were programmed for each of two conditions of S-R 
compatibility: 

T: Direct mapping (DM). The response grid appropriate to any of the left-hand lamps r 

rough 5 was grid 5 (the left-hand one of the two centre grids). Similarly, the response 
pan appropriate to the right-hand lamps 6 through 10 was grid 6 (the right-hand one of 
he two centre grids). " ae 

Cross-over mapping (CO)- The S-R mapping used in the DM condition was reversed 
So that response grid 5 was appropriate to lights 6 through 10 and vice versa. 

In both conditions subjects used both hands, responding on grid 5 with the left fore- 
finger and on grid 6 with the right forefinger. It will be noted that due to constraint 3 
(above) the number of times that responses were repeated was the same as the number 
of times that the subject alternated between responses. «T , 

One group of 12 subjects experienced four sequences on the DM condition while a 
Second group of 12 experienced four sequences on the CO condition. 

Subjects were employees at N.LM.H. N.LH. Bethesda, aged from 18:2 to 354 (Mean 
26:3). None were aware of the purpose of the experiment. 


RESULTS 
The output from SET. AR was processed py an IBM. 1620 computer programmed 


to calculate mean response-time separately for correct response-repetitions and for 
correct alternations between grids- The computer prog" 


amme was set to detect 
Sübject-errors and to ignore, in © all errors and the first four re- 
Sponses following each error. print-out of the en 


ing means, 

vee tire data for each subject allowed 
Spot-c i rogramme. Subject-errors were located by eye 
on i Ro the operation etme were tabulated for the response EAS 
each error and for the two responses following error-correction. n Ee. where 
errors occurred within three responses of each other, data from the earlier errors E 
Such pairs or strings were separately tabulated. RTs of such responses were zs 

jes of “isolated” errors and all data were 


found Toes ae dene 
differ significantly from laten 
prs i esults analysed below. 
pln Seas in the DM condition varied between 
dition varied 


Incidence The incidence of errors 

3 of errors. e inci k r 

Subjects from p to 6:8 per cent. (mean 32). Incidence in the CO e ee 
Tom 2:6 to 9:2 ent. (mean 48) An analysis of variance gave See ad 
Sg to p per cnt. ign ols (Peto o e da 
erm for practi itions Was significan hae ; 

Suggested th: cools condi t interaction term occurred because practice reduced the 
i at the significan the DM condition. To check this, incidence 


inci $ s 
idence of errors more in the CO than in by t-tests separately for the first two runs 


of err 
and tor was compared betw? eo hile the incidence of errors was 
or the last two runs in eae 
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significantly greater in the CO condition early in practice (P< 0-001) there was no 
difference in the incidence of errors between the two conditions during the third and 
fourth practice runs. 


RTs of correct responses. An analysis of variance on RTs of correct responses in 
each condition gave significant terms for differences between conditions ( < 0-01) 
and for practice (p < o-oor). The interaction-term for practice x conditions was 
also significant (5 < 0:01). It appears that latencies are longer in the CO than in the 


DM condition, and that the reduction of RT with practice is relatively greater in the 
CO condition. 


Error-correcting RTs. In Table I mean RTs of error-correcting responses are set 
out for comparison with RTs of correct alternations and repeats. To illustrate the 


effects of practice on each condition latencies for the four successive runs are separ- 
ately tabulated. 


TABLE I 
MEAN Correct RT anp MEAN Error-Correctinc RT (IN MILLISEC) FOR EACH OF 
4 Successive Runs or 500 RESPONSES IN A 2 RESPONSE 8 STIMULUS TASK WITH DIRECT 
(DM) AND CROSSED-OVER (CO) STIMULUS-RESPONSE MAPPING 


Direct mapping condition Cross-over mapping condition 


Run 1| Runz Run 3| Run 4 Repeats | Altern. || Run x 


Run2| Run 3| Run 4| Repeats | Altern. 

z——MÀ—— 

Correct RT Mean 502| 479 | 482 464 450 504 672 546 | 523 s15 502 681 
58 | 45 | 43| "so 41 69 74 65 68 58 52 84 

SS hoea mtd 

Error-correcting Mean 

RT S.D. 


je 422 | 415 | 399 643 | 497 | 441 | 415 


» 54 55 49 112 74 69 60 


An analysis of variance 


or differences between these response-classes (p < 0-001). 
ysis was used to compute the S?statistic in order to rank- 


r correcting responses were 
found to be significantly fas i iti (6 <0-0r) or alternations 
P < oor). 

f error-correcting 
fferences between 
; ; - The condition ctice 
nteraction was significant (5 — 0-01). "POE 


Tuns was not significant ($ > or). 


em | Practice latencies of error-correcting responses 
are significantly lon i m ees 
cece Pee Ser in the CO than in the DM condition. Nevertheless, after 


correcting RT 


for €rror-correcting responses represented 


of response-latencies between conditions 
(cf. AR of (E Tesponses, analysed above), In order to check this, difference 
Scores tor the values Mean Correct RT — Mean Error-correcting RT were obtained for 
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Eo dn each run of each condition. Means of these means are given in 
groups-con diti analysis of variance gave significant terms for differences between 
interactio sene (5 < 0-01) and for order ($ < oox). The Conditions x Practice 
po bios was significant (p < 0-01). S? was calculated from the error-term and 
aa d test differences between conditions at each level of practice in turn. It 

hat in runs 1, 2 and 3 difference scores for Mean Correct — Mean Error- 


c ; Sewer SA 
orrecting RTs were much the same in either condition (p < o-1) while difference 


M TABLE II 

ME. 

ANS OF DIFFERENCE SCORES (IN MILLISEC) FOR MEAN Correct RT — MEAN ERROR 
CORRECTING RT FOR INDIVIDUAL SUBJECTS. 


Run 3 | Run 4 


Run 1 Run 2 
Direct mapping condition ..| Mean 53 57 68 61 
S.D. 18 23 18 28 
Cross-o : soma rm 
ver mapping Mean 24 39 72 129 
condition S.D. 19 2 34 48 


(N.B.— These figures cannot be directly derived from Table I where overall means for 
correct and error-correcting responses are presented) 


Scores were greater in the CO than in the DM condition in run 4 ($ > o1) Wemay 
tions are reduced by practice, and that 


conclude that response-latencies in both condi it 
in the DM condition. Further, in the 


this reduction is more marked in the CO than : r ; 
O condition reduction in the latencies of error-correcting responses 1$ relatively 


Breater than reduction in the latencies of correct alternations and repeats. Con- 
Sequently, after practice, there is no significant difference between error-correcting 

Ts in the CO and DM conditions, and the difference Mean Correct — Mean Error- 
Correcting is significantly greater in the CO than in the DM condition. 


DISCUSSION 

In this experiment the detection of an error also implied complete information as 

9 which correction response should be made. After practice, conditions E. vs 

Compatibility which significantly affected mean correct response-time nevertheless 

x Dot affect the time taken to correct errors. It follows that there 15 nO reason to 

Delieve that the time subjects took to realize that an error had occurred was different 
or the two S-R mappings which were compared. 


Burns ting re relatively fast because 
tob) proposed thaterror correr g resp! ; ' 
E veg on implied partial advance information as to what correction 


Tesponse the subject had to make. I^ Boins's (1965) or Rabbitt's (1966) Xe” 


i ight i >) non of the subject s atten- 
formation might imply direction © : 
" or (Burns, 1965) ct one of his 


tion t i to the corre 
o the relevant sector of the SES d P facilitate error correction when thie 
(Burns) or 9 (Rab 


pitt) remaining 
Possibilities, Nevertheless, Burns s hypothes pletely explains his data 
9n the assumption that subjects take no longer to detect that they Have. made an 
Rr When the S-R compatibility is poor than when it is g00°- d a that 

ne can extrapolate from the relatively simple 2R/8S mappings US® in this Ipan 
Ment to the complex 8R/8S mappings used by Burns, these data therefore support 


ume. 
ms’s hypothesis. 
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ibili ies of 

Crucial, however, is the distinction that S-R compatibility affects PT 
M tin responses only when the correction response must be selec railing 
dee d * airs (that is, with reference to the display, and so to the prev 2 ne 
ERU The resent experiment makes the point that the selection 0 be 
zn eae res = and the detection of an error are operationally separa Y 
e: nd thar further investigations of error-correction must take this in 1 
condit i Two characteristics of error-detection are so far evident, (x) The bu 
io detect the occurrence of an error is ves i of is SE T E : 
iti xamined. (2) Subjects detect that an error has occ uc ou 

m iS d A ay other signal presented in either condition (i.e. 


whether to signals requiring repeated or alternated responses), The qualifying 
riders to these statements are: 


(t) These data, and all results so far published, show fast cree | 
where subjects correct by making the response which they should have a af 
Data from tasks in which subjects make a common correction response to 4 


i i j been 
errors are crucial to discussions of error-detection, but have not yet 
reported. 


(2) In two reported studies (Burns, 1965; Rabbitt, 1966) and in e a 
experiment, latencies for error-correcting responses were timed ron "E 
moment of subject’s previous (wrong) responses. There is, of pira al 
guarantee that the process of error-detection was begun by the € E 3: 
this moment. A possible explanation of fast error-correction times is : € 
a subject realises that he is about to commit an error before he completes d 
Wrong response—thus overlapping the processes of error-commission an 
€rror-correction (cf. Rabbitt, 1966). 


Since it is not likely that the amount of this overlap wi 
patible situations, the main part of the a 
these considerations, Nevertheless, we h 
know the absolute latencies for the detecti 


ould be greater for nonc d 
rgument of this paper is not affected by 
ave as yet no grounds to believe that we 
on and correction of an error. 
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KINAESTHETIC AFTER-EFFECTS 


THE DISTANCE GRADIENT IN THE AFTER-EFFECT OF 
KINAESTHETIC WIDTH JUDGEMENT 


BY 


A. W. PRESSEY 
From the Department of Psychology, University of Manitoba 


The combined eff i ion-ti i i 

eur ects of inspection-time and interfigural distance on a <i i 

im pues were determined. The figural after-effect was defined as dee 

The epeo w d appeared to shrink following prolonged inspection of larger widths 

mands oW idths were 2*0, 2:5, 3:0 3:5, 4/0, and 4'5 in. and the inspection-times ere 

156 subiect c. A control group which did not inspect any widths was also employed 
jects were tested. T he results indicated that the classical non-monotonic relations 


shi etw $ 

aee Peruon interaga] distance and figural after-effect was not present. Instead, the 

Tücreasin r-effect increased as a negatively accelerated function of interfigural distance. 

ESI g inspection-time increased the asymptotic level of the figural after-effect. These 
vere interpreted in terms of the effects of anchors on judgements of magnitude 


INTRODUCTION 


e 1947 Kóhler and Dinnerstein demonstrated that kinaesthetic judgements of a 
cm Ee width can be distorted by prior experience with a different width. Their 
the us oe consisted of rubbing a block of a certain width (I-width) and then judging 
jn wi th of either a larger or à smaller block (T-width). They found that narrower 
widths appeared to shrink and that wider T-widths appeared to expand. The 
perceptual changes since they 


term “ 
i figural after-effect (FAE)" was applied to these 
med to be analogous to distortions found in vision (Gibson, 1933; Kóhler and 


Wallach, 1944). 
s Subsequent investigations of kinaesthetic FAEs were concerned primarily with 
G ecifying the effects of spatial and temporal variables of the degree of distortion. 
I ne variable that has been found to affect the FAE is the size discrepancy between 
5 and T-widths (I-T distance). Charles and Duncan (1959) and Krauskopf and 
ngen (1960) reported that there was an optimum ]-T distance which yielded alarge 
AE was small, but 


That is, when the I- and T-widths w 

et I-T distance increased, the FAE increased decreased. Both 

E arles and Duncan and Krauskopf a hat this non-monotonic 
elationship between I-T distance and kinaesthetic FAE was formally similar to the 


distance gradient present in visual FAES. ee ’ 

Although the existence of a distance gradient 1n kinaesthesis seems adequately 
established, there is no evidence on the question of whether the gradient varies with 
panges in stimulating conditions. For example, do vari ch as inspection- 
M-) time or time after gnspection—variables which are known to have a profound 
Influence on the FAE—alter the gradient? And if the gradient js altered, what is the 
Precise nature of this cha nge? It was Jem that the present 


ex; to this general problem © ae 
periment was directed. The main obj kinaesthetic FAE 


a ective was to measure & 
Sa joj : 
à joint function of I-T distance and I-time. 


METHOD 
a comparator and 6 blocks of wood which 
i s I-figures but 


consisted of 
1n steps of 0'5 1D- : } 
nn Peach block was 8 in. long and 2 in. high. 


the T-figure- 
d with £ x 2-in. sheets of brass- 


A 
varies? avatus. The apparatus 
S TER width from 2-0 to 4°51 
e «idi . block was also used as 
es of the blocks were line 
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The comparator, described previously by Howarth (1964), was an 8- x 6- x 4:5-in. box 
which housed a reversible motor. Two brass bars, each 8 in. long and 2 in. high, were 
mounted parallel to each other on top of the box. One bar was stationary but the other 
could be moved toward or away from the stationary bar by means of the reversible motor. 
Direction of movement was controlled either by the subject with a foot pedal or by the 
experimenter with two hand switches. Depressing the pedal to the subject's left caused 
the distance between bars to decrease while depressing the pedal to the right increased the 
distance between the bars. The variable bar moved at a rate of o-o5 in. per sec. The 
distance between bars was measured accurately to within o-oor in. by means of two 
micrometers located on the sides of the comparator. 

Two black wooden stands were placed on either side of a chair. 
subject's left was 7 in. high and the one on the ri 
Chair was 18 in. above the floor. 
oriented so that the stationary bar 


The stand on the 
ght was 11-5 in. high. The seat of the 
The comparator was placed on the left side and was 
was 8 in. away from the chair. The I- and T. -blocks 
were always located on the right side at a distance of 8 in. from the chair. With this 
oo the wooden blocks and the parallel bars were equidistant from the centre 
of the seat. 


FIGURE 1 


012 


e 
[1 


E] 
8 


Figural after-effect (in inches) 
e Be im 
S Srg 


2 
s 


_ Kinaesthetic figural after- 
tion e The open circles 
59 Sec. of inspection. The brok i i 
equality obtained from «= 


. Design. 
onea whic 

-block was al 
in which an I A control condition 
- Tb j igned & 
he order of their ap he subjects were assigne 


- The experi ter showed him 
width of that block wstrated how the comparator bars Vani be mada cael to the 
e was told that, in making his judgements, it was best not to 
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. exert more pressure on tl 
width” à ne block or bars than was necessary to “just obtai 
pen He was also asked to be as accurate as possible but not to spend re os 
cac i jodkemeni, pend too much time 
he subject was blindfolded with i 
ver 5 with opaque goggles and seated in the chair. F i 
iun E in = obtain a measure of the PSE. These trials consisted of two eor 
condition a Rar nama given either in the order ADAD or DADA Within each 
: er was alternated betwee bj š i é i 
ae n r bar was offset at a distance of 1- nn em is sh cc uon 
the oe adjustment was to be employed. j g 
Core e bars and, upon a signal of “Depress right" or 
enter, set the bars equal to the width of 


com . 
De ve Rd subject placed both hands on his lap and relaxed. The time taken to 
making i Tus ment by most subjects was between io and 20 sec. If a subject was still 
that abou a pement after 15 SEC., the experimenter promp 
Afte it?" The time interval between trials was 30 sec. 
r the fourth trial a metronome was activated at a rate of one beat per sec. The 


subj 
PA Cin ge told that he was to grasp 4 block of wood between the thumb and middle 
and stroke the block back and forth in time to the metronome. The experimenter 
d moved it back and forth for a period of 


la. cde 
bl the subject's hand on the T-block an 
. in order to demonstrate the task. Direction of motion was reversed at every beat. 


en the subject understood the task, an I-block was substituted for the T-block and he 
At the end of the I-period the 


E i that block for a period of either 10 Or 50 sec. T 

Tepla ba was turned off, the subject placed his hand on his lap, and the I-block was 

subject by the T-block. The time required to exchange blocks was about 2 sec. The 

1 ae then made two ascending and two descending adjustments which were identical 
Th respects to the trials given prior to inspection. 

ae subjects in the control group were wot asked to rub an I-block after the fourth 
- Instead they rested for go sec. before continuing with their adjustments. 


RESULTS 


jor to inspection were averaged to 


stments made pr 
btained by averaging the adjust- 


For each subject the four adju 
E was o 


M the PSE. A measure of the FAE l t 
re s made after inspection and subtracting this average from the PSE. This 
Sulted in a positive score for judgements which were narrower after inspection. 
TE analysis of variance was performed on the FAE scores. The effects of I-time 
E I-width were both statistically significant. The F-ratio for I-time was 477 
0:05 — 3:91) and for I-width F was 3°44 (Foo = 3:16). The interaction between 


I. 
time and I-width was not significant (F = 0°70; "oos = 227) ET: 
tion of I-time and I-width are shown in Figure I. 


Changes i 5 E 

n Is ds E p CT eid ccelerated function of the width 
the I-block. Increasing I-time serves O symptotic level of the 
L That is, variations in I-time have à difference between 
> and T-widths is small but, aS this difference tial effect of I- 


Ime also increases. l 
he scores from the control group were analysed by subtracting the mean of the 
E four adjustments from the mean of the first four adjustments. These difference 

Cores were subjected to a t-test which yielded a value of p.18. This result indicates 
: SE as a function of repeated trials. 


at there Ap s iti P 
was t shift in the Nr 
no significan formed to determine whether there Was any shift in the 


inall ja 
Subjective Mittel "M date -lock following prolonged stimulation with the 2-in. 
ae The FAE scores from the 10- and 50-sec. inspection groups Were combined 
08 a t-test for correlated measures was calculated. The resulting value of ¢ was 
u^ Which indicates that a kinaesthetic FAE does not occur when I- and T-figures 
9f the same width. 


a negatively a! 
nly to increase the @ 
small effect when the 
increases, the differen 
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Discussion : ET. 
The most surprising finding in this experiment is the fact thata aee edd 
was not present. Instead, the FAE increased as a negatively e rate Mes 
of I-width. There was no tendency for the m Lr E s = we M 
i i loyed. This result is very similar Lb : 
(ou. "He bea changes in kinaesthetic judgement ofa T-position bp 
prolonged experience with different I-positions. A distance gradient "mr dem 
the magnitude of displacement increased steadily with increasing d e 
Nachmias contended that a distance gradient might have been manifested had la 
I-T distances been employed, but such an argument is not applicable to the pre: M 
experiment. The largest I-width that was used was 4:5 in. which is very m be 
maximum span between the thumb and middle finger. Consequently, n "m 
Strongly favours the view that the decreasing portion of the distance gradien 
not occur in after-effects of kinaesthetic width judgements. : ' a. 
The absence of a distance gradient in the present study immediately rai 


C copf 
questions regarding the basis upon which Charles and Duncan (1959) and Krauskop: 
and Engen (1960) 


gators also used ki 


"125 to 20 in. The I-block was presented i 
60 sec. Their Tesults showed that the amount of shrinkage of the T-blocks increase 
ocks decreased. But the pro- 
tease I-T-distance is subject to 
as large ones regardless of the 


nS because different "ceilings" are involved. For example, 


dth may shrink more than 0:25 i 


Possibly shrink more than 0-125 in. This difference alone could cause FAEs to 
decrease when Very narrow T-blocks are used. Charles and Duncan could have 
overcome this difficulty, at least partly, by taking the relative instead of the absolute 


Krausk 
width fro; 


; à quadratic one. Unfortunately, 2 
agreement or disagreement with Krauskopf 
Eo isual inspection rather than on statistical 
probabilities, 

The failure to find 


a distance gradient in this study 
against theories which 


Provides strong evidence 
utilize constructs such as satiatio 


n to explain kinaesthetic 
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FAEs (Kohl 
er and Wallach icit i 
a. Vallach, 1944). Implicit in the con iation i 
re is a definite limit to the extent to which iron Vac, s rd 
Regions well beyond the point of S im 
3 : the formal structure of satiation x 
ave to be argued that satiation in the 
d and that, therefore, a distance gradient 


oa of maximum satiation. 
2 A da to remain relatively unaffected. 
Re qae to kinaesthesis, it wou 
ic < ims 
Should Pr must also be limite 
E. ue the present time, the most pro 
(s CRM Rue ua dE dt theories suc 
iy cien that judgements of magnitude a 
iise A ND point which is termed 
Eüchors bec strong stimuli (anchors) are 
tion from Me The fact that a narrow width appears narrower after stimul 
When thénar rger width is because the large width shifts adaptation level upv tj 
arrow width is re-introduced, itis judged in relation to the new Ee 
ion 


level 
and i i 
thus is perceived as narrower than it was prior to stimulation. 
ts, such as direction of distortion of 


I 
"V be denied that some simple fac 
key Perd can be subsumed under Helson's theory. However, the 
S nos have EE ds prompted by the present experiment is whether extremely large 
relatively siia he same effect as intermediate anchors or whether adaptation level is 
is whether E ected by extremely large anchors. To put it more simply, the question 
ship "ones pigs level theory predicts a monotonic or non-monotonic relation- 
this point b n I-T distance and kinaesthetic FAE. Helson himself is not clear on 
Edantation e he states that an anchor may be so Very different from the existing 
theoretical level that it may fail to affect that level. But this statement lacks 
Willich one import since it does not provide an independent operation by means of 
effective Ero establish when an anchor will be effective and when it will not be 
unambiguo onsequently, Helson’s theory, as it now stands, does not allow an 
us prediction to be made regarding the relationship between I-T distance 


a j 

E kinaesthetic FAE. 

ic eae to the theoretical vagueness, the empirical data on the effects of 
agreeme g size of an anchor on magnitude of judgemental shifts are in substantial 
Bids It has been known for a long time that categorical judgements shift 
1954) s ically whenever an extreme stimulus is introduced into à series. Guilford 
relatio ummarized the work of several investigators who were concerned with the 
nship between magnitude of anchoring stimuli on degree of judgemental shift 


a 
nd concluded that: 
(a) The farther the anchor stimulus from the stimulus range, the greater the shift. 
he less the increment of shift. By this 


b 
© The more remote the ancho the 
is meant that the shifting € nishing returns. 
Es evident that these statements descr lationship between 
thesis I-block and magnitude of kinaesthetic study. The hypo- 
S that kinaesthetic after-effects result from e-of-reference is, 


B supported. 
7a point may be noted. The vi 
y a shift in a frame- 


to test neurophysiologic 
f such test i 
ter-effects Y 


dividuals are char 


mising approach to kinaesthetic F. 

h as Helson's (1964) nien qa 

re always made in relation to a deos 
adaptation-level.” Adaptation-levels 

present and decrease whenever weak 


r stimulus, t 
ffect shows dimi: 
ibe precisely the re 
FAE found in this 
a change in a fram 
fter-effects are pro- 


ew that kinaesthetic & 
challenges the use of kinaesthetic aíter- 


al hypotheses about satiation and reactive inhibition. 
sin the literature. Klein and Krech (1952) 
damaged patients supported 

acterized by decreased cortical 


effects 


e 

atgued d several examples © 

their th hat larger kinaesthetic af 
eory that brain-damaged in 
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conductivity. Eysenck (1955) interpreted the fact that extraverted individo 
exhibited larger kinaesthetic after-effects than introverts as consistent Ww pis E 
hypothesis that extraverts develop reactive inhibition more rapidly than introve a 
Finally, Spitz and Lipman (1961) contended that smaller kinaesthetic distortions E 
retardates supported the view that such subjects are less satiable than normals. E. 
light of the present study, it is plausible to argue that these investigators measur 


group differences in the capacity to shift a frame-of-reference rather than differences 
in electro-chemical cortical activity. 


This report is based on a Ph.D. dissertation submitted to the University of Alberta, 
Edmonton. The author is indebted to E. Howarth for his aid. 
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PI AS AN ARTEFACT OF AL DER URS, SE AT 


PROACTIVE INHIBITION AS AN ARTEFACT OF THE 
METHOD OF PACED ANTICIPATION 


BY 


J: & “CLARKSON 
From the Department of Psychology, University of Sheffield 


Sixty-one subjects partly learned serial lists of 12 two-syllable adjectives presented 
ls on two successive days. Recall was obtained 24 hr. 


later. One group of 30 subjects learned by the method of paced anticipation, the remain- 
recall within a period of 1 min. was 


ing 31 learned by silently watching the items. Free 1 
subsequent retention. On three 


independent criteria for the existence of proactive inhibition (PI) the paced anticipation 


group showed significant PI and the silent group did not. It is suggested that PI was due 
bably unique in a naive subject’s experience, 


to the identity of learning method, pro T : 2 
rather than similarity of verbal material It is also hypothesized that difficulty in inter- 
Preting conflicting data from existing PI studies may be due to the fact that learning 
of verbal material is confounded with learning the S-R skill of paced anticipation. 

It is only quite recently that the suitability of S-R theory as a framework within 
which to interpret experiments on verbal learning has been seriously challenged 
(Underwood, 1963; Jensen and Rohwer, 1965). The experimental methodology 
arising from S-R theory, however, with the rigorous control that it yields over the 
learning situation, is still universally employed. Subjects are presented with a 
stimulus word or nonsense syllable and required to make the appropriate verbal 
response both in paired-associate and serial learning. Generally the subject is paced, 
and the ability to correctly anticipate items is taken as the criterion forlearning. — 

The concept of proactive inhibition (PI) has been largely developed on the basis 
of findings from numerous experiments employing this methodology. It is the aim 
i the present study to investigate how far method 2 learning may i sa be a causative 
actor in producing interference from prior to subsequent 7" d s 

Basic s follows a conventional pattern with minor SUE 
are presented with a serial list of 12 two-syllable adjectives for ^ m pe [o 
learning trials followed by à period of 1 min. allowed for free recall. Twenty-four 


hou ; ? recall as much of the list as they can remember 
Jours later they are again pur number of learning trials for a further list is 


in 1 min, After a brief rest 

i , . Jater, they are asked to 
Biven ; i recall. On day 3, 24 hr later, k 
Tecall a aN Ad Tn uy RR of subjects is asked to learn by attempting to 
the second list. One E The other group 15 instructed to 


ve oar ; it is presented. 
rbally anticipate each item before it 15 P. ment of an overt response” 


learn b : i ithout the requ : 
v watching the items W anoal procedure here is in the use of free recall 
main variation 1n con riginal learning, and 


immedi -peri session as à criterion of © l 1 
ipsums Duce. experiment ention. This variation was itp x 
quent free recall a5 + the two groups exactly t 2r pe m 
learning It E he advantage of hing more closely our Pee 2 E. 
for learning mec e the ability to pace-anticipate po with the 10 
Ment of : hod necessita es. p i 
Was E pe Eds of findings from a pilot study- Subjects are ii e : 
l i Ue er d ost items remembered within 20 to 30 sec. Rarely 
E Pune E n can be remembered they almost invariably say 
n 


measure of ret cce 
Order to make treatment © the Sene ie 
approac 
Euh à e The period of 1 min. 
Erve more or less ordered pel a the remaining time. If asked 5 sec. before the 
end of the period if any mo 
No.” 
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Possibility of uncontrolled and uncontrollable rehearsal is a eek pe 
experiments such as this. It was decided to obtain the only evidence available in ; 
circumstances and although strict instructions were given not to rehearse, subjects 


were asked at the end of the experiment if in fact they had rehearsed either list and 
if so, how much. 


Method 


j ximately 2 ft. in front of a 12 in. x 8 in. translucent screen frora 
behind M hich slider aoe projecten, The surround to the screen was opaque ang briga 
ness was adjusted to a comfortable level. The projector was fitted with a Simp e eei 
which changed slides automatically at regular intervals. Exposure time was 1:2 sec. b 
the screen was blank during a o-8-sec. period required for automatic change. tye ‘All 
of 12 two-syllable adjectives were compiled from tables given by Hilgard (1951). ae 
24 items were chosen to be as dissimilar as possible. Words, as they appeared to 
subject, were clearly projected in capital letters 1 in. high 


Subjects 


Sixty-one first year psychology students, male and female, members of Sie 
University were enlisted as subjects. None of them had participated in experiments o 
similar nature before. 


Conditions 


Thirty subjects were assigned to the paced-anticipation (PA) condition and 31 to ms 
silent (S) condition alternately as they arrived at the laboratory with the constraint tha 
male-female ratios were kept equalover groups. Fourteen members of each group were 
given five learning trials for each list and the remainder eight trials. Order of learning 
the two lists was reversed for half of each of the four groups thus obtained. (The odd 
subject was assigned to the S group with eight learning trials.) 


Procedure 
On the first day subjects were told how man 


and instructed in the learning procedure to be 
1 min. for free recall of as many items 


red on the following day and earnestly requested no 
to rehearse. Day 2 commenced with r min. free recall of list 1 followed by a 5 min 
break during which the experimenter chatted with the sub 


list 2 only would be required on the fol 
given followed by informal questioni 
constant at 20 sec. and a 20-sec Order of items 
remained the same throughout, although recall instructions did not Specify that items 
pd be rm in order of l was timed with a stopwatch. 

er 40 sec. information was after ion “Do 
you think you cn a Sica er 55 sec. the question 


RESULTS 

As expected from the pilot stud 
two subjects managed a 
question “Do you think remember any more?” eith ith “No” or 
the equivalent of "I don't think so.” ; odes 


PI AS AN 
AN ARTEFACT OF LEARNING METHOD 
5I 


TABLE I 


MEAN O I Yes is 
D RIGINAL LEARNING AND A 5 
IN N CALL SC S Fi E ATE GRO 
RE! ORES FOR SEPAR. 
UPS 


Cond. 

Gro . of | No. o Order of | N 

us | Banning aide lists i p OL R 

E 1 1 OL, R. 

P 3 2 

2 S A 8 AB 8 10-0 84 Res 
3 PA 8 $ 10-8 PENES 12 
4 S 8 PA p 10°9 81 in oe 
5 N 8 BA 8 r3 gig | x +3 
6 S 7 AB 5 9:6 T4 9d T 
7 PA y AB 5 10:0 67 10:7 4'9 
à $ 7 BA 5 104 8-0 10:4 2 


NURBEK or§ TABLE II 
7 SUBJE 
BJECTS UNDER PACED-ANTICIPATION AND SILENT CONDITIONS SHOWING PI 


No. of subjects showing 


m Group No. of subjects in group + PI score 
(8tral — .. 6 
bi (8 trials) ; s aa I 15 
E (5 trials) . zs is 17 10 
S (trials) .. X F "E 
TABLE III 


OPORTIONATE RECALL OF THE SAME LIST WHEN LEARNED 


Int 
ERG 
ROUP COMPARISONS OF PR 
on Day I AND Day 2 


Conditi No. of No. of Recall 
dition subjects trials comparison Value of U | Value of p 
= 16 8 A, V As 4 p < oor 
S B, v Be 9 p < oor 
17 8 A, V As 19 NS. 
PA B, v Be 23 N.S. 
14 5 A, V As 8 < 0:02 
S B, v Be 5 p < ool 
14 5 A, V As 17:5 N.S. 
B, V B: 19:5 N.S. 
ve, was obtained from intergroup 


d under the same conditions on 


ed for convenience. 
f list 2 together with 


A 
ag measure of PI, independent of the abo 
day x tison of R/OL scores for the same list learne 
Hem 2. The Mann-Whitney U-test has been us 
er DE of intrusions occurring from list 1 into recall o 
er of subjects involved is given jn Table IV. 
im erence in proportion of subjects with recall intrusions under PA and S condition 


Keire: 
gnifi s 
ificant; p < 0-02 (x? = 6:28) 

rehearsal after being told that 


to some 
cult to avoid (as indeed it is). 


hi P P 
Tehe, irty-eight of the 6r subjects admitted ; 
very diffi 


arsal i . E 
lin such experimental situations 15 
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Several people mentioned that before retiring for the night they would think of 
their plans for the following day, remember they had an experimental session to 
attend and immediately run through the list, hardly by conscious decision. As 
might be expected they were randomly distributed over experimental groups but the 
evidence suggests that there tends to be more rehearsal of the first list, when the 
experimental situation is novel to the subject, than of the second ‘list. 


TABLE Iv 
Intrusions FROM List 1 INTO RECALL oF List 2 


No. of subjects 


Condition No. of subjects | making intrusions No. of intrusions 
PA 30 1I 18 
S 31 3 3 
SSS ee S 
TABLE V 


SUBJECTS’ REPORTS on REHEARSAL 


Rehearsal of 1st list only .. se 8 
5 Ist 2nd .. A 17 
ux Ist = 2nd 
n Ist < 2nd 


groups taken singly or in combination they may 
5 dh flerences between PA and S conditions 
€ probability that R,/OL, > R OL increase 
to some extent as R. /OL, approach i fre erue Jus i 

E ud nis uos d pP es unity, as the freedom of R,/OL, to differ 


still yields R/OL ratios well above t 


A few instances of reminiscence oc i 
nsta curred in recall i rere 
randomly distributed over conditions. bias T 


ve i 4 however, paced anticipation rı 
of the Items does not. What sli ht tend 
group can be safely attributed ers “dit p erbe kr y 


logical point that R OL, has 
ROOL, is high 2/OL, more roo 


: IIN 
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When usin 
g the conventional S-R 
Bieiskel al S- method of paced-anticipation i i 
Hou] etg how novel the situation is for the E AE, WU E: 
Prarta enteyi esie i has experienced any comparable ats i 
E i ie laboratory situation. He is confronted wi BS 
MEE een ) with the task not onl 
short respons do ut also of learning each item to the criterion of a E 
e resul y i 
amoa Eo cg am present experiment seem to indicate that PI in this situation i 
E ; if not solely, a function of learning method. It is not th tk E 
s cieli ist 2 through similarity of verbal content, but through id ü o 
pM ead experience common to both. M 
as i itici 
Tm eda argued in criticism of the above interpretation that since no control 
o eu over order of recall, anticipation may have led to traditional e 
e silent study may not. Hence PI for the anticipation group could ie 


due to seri GOMA 

why Waters l position identity. However, Underwood (1949) in his explanation of 
have oe failed to find PI says **. . . Specific interfering tendencies m E 
^ argely from serial position identity and this is known now to PES 


unfa: : 5 
E situation for the production of PI" 
he present experiment was conducted a comparable result for positive 


transf 
er has been demonstrated (Postman and Schwartz, 1964). The difference in 


method i ; 
d investigated was between serial and paired-associate learning. The authors 
d in the first task consistently influenced 


con m 
pem a method of practice use 
tere tis learning more than did the class of verbal materials.” Difficulty in 
Si ARRE and reconciling the bewildering multiplicity of existing PI studies 
jum Ei = Ceraso, 1960) may, it is suggested, be partly due to the confounding 
Seress ^ inct learning tasks within many such studies. The present experiment 
A a he view that learning a list of words or nonsense syllables is a skill separable 
at of acquiring the ability to pace anticipate. 
working posean was conducted at Stanford University, California, while the author was 
Tead to the Dear aui associate with Dr. J. A. Deutsch, and briefly mentioned gs paren 
orthern Branch of t sychological Society in October, 1962. An 
Bull., Vol 16, 1963). The 


abstr, 
author = was subsequently publi 
arose oy acknowledges his indebtedness to Dr. Deutsch for many stimulating 
ions on the concept of PI. 
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SHORTER ARTICLES AND NOTES 


AN OPTIMUM INTERVAL IN THE ASSESSMENT OF PAIN 
THRESHOLD 


BY 


DIANA R. HASLAM and E. A. C. THOMAS 


ig A ue "atory, 
Jniversity yistol and Statistical Labora e 
On D pa t of Ps ychology, University of Br istol, 
ae oo d , University of Cambridge 


; T orved 
When the Limiting Method is used to measure heat-pain Mete Els asia 
threshold has been shown to depend on the size of the stimulus incremen pA rd 
1965). An experiment is reported here which repeats a finding of the -—— a 
to above that the variability of threshold is relatively large when the s se hypothesis 
issmall. A statistical analysis of the data shows that the previous uni mt Paral qm 
that pain threshold is uniform over the population (Hardy, Wolff "om ae are eissa 
reasonable one. The psychological implications of threshold variability 


Ea ^ : i assess- 
in the light of a theoretical model, and a criterion for an optimum interval in the ass 
ment of heat-pain threshold is discussed. 


INTRODUCTION 


Statistical analysis of this method has shown that the 
stopping-point is highly sensitive to the Step-size usi 
Cane, 1959). This point seems to have received little attention by experimenters until 
recently, when it was illustrated by Haslam (1965) who 
variability of threshold is relatively large when 
The basic assumptions of the Brown and Cane approach ar 
Sensation of a stimulus is a random variable with 
the noise distribution, and, secondly, that the subje 
a certain threshold. When specific assumptions 
it is possible to obtain an approximate correction formula for the observed threshol "i 
Which formula depends on the Step-si i i a single subse 
With the data available it has not been possible to use the single subject variance sinc 


It was then argued that 
cted group thresholds were more consisten 


` d : t 
I gle subject variance, the following experimen 
was carried out in which a group of Subjects was tes 


METHOD 
Subjects 


Eighteen subjects (10 male and 8 female) were drawn from the academic and technical 
staffs and the stude: 


nt body of the University of Bristol. Their mean age was 22-7 years- 
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Apparatus and procedure 
Pain threshold 
Deta; s was assessed by means of a Hardy-Wolff (1952 iant- 
ails ar Um end tha procedure used are given elsewhere Gate sos: S) ae ees 
li step-sizes were used: 8, 16 and à Toxi 
canta tep- y 1 nd 32 mc./sec./cm.? a 
six ce Kae 5 pime pos was used to assess the pain e To e 
elapse ees ea each of the three step-sizes, and at least two days were allow: pr 
! à A B to 
daily fluctuati eac assessment. Although this design leaves much to be desi iE 
4 ations in threshold are i d, it wi bebe ro) 
SL ; ignored, it was chosen because a prel: i i 
suggested that thresholds are not independent if assessed in A dw ED 


RESULTS 


As pointed out ab i i 

the th out above, because of the experimental design it seems reasonable t 

pairs S determinations as being independent of each other. An A A E 

ELA = ings for a particular step-size shows no evidence of a "learning" effect, in the 
at as many subjects have recorded higher values the second time as have 


reco s z : 
rded lower ones. Thus, in the analysis of the results the order in which the readings 


were S 
taken has been ignored, and the readings at each step-size have been grouped 


together. 
A theory for the analysis of these results has already been outlined by Thomas (1966) 
s presented, there is a probability, P(t), 


e 
assume that when a stimulus of intensity / 1 


that pain is experienced, and we assume that 
p(t) = 0 fort < to 
= -thE nata tte " 
= I te + 2K «t, 


v 
vhere /, and K may vary among subjects. The threshold is then given by 
T* =t, + K 
Let us denote by Ti, the rth (r = 1,2) assessment of threshold of the ith subject, 
rt of 2K;/s;, and let P, = (n — 1)(n — 2) ae 


usi 3 
ing a step-size s} Let n be the integral pa „a : 
Then the probability of stopping after exactly m 


n— 
i S mns TUS OO X sey ee 
PS is (P, , — Pn) and it can be shown that 
n=l 
2K; Pn 


E(Tur — to) — 7n 
mao 
K,V2n/n for large ™ (2) 


a 2 
a var(T is) 4K 2(2 — qm [2)/n = Tir- 


In r 
the usual notation of the additive model, we may write 
Tur = P 4o t Bus + Eir 


K,V2m/n, Eleis) = 9 and var(eis) = ow. 


"des is ind i, i t K; is constant then we could 
i endent of t, 1€. that K; 1s å 
ae hko AE im sheds of Hardy, Wolff and Goodell (1952) that threshold 


ne previ à hypot 

s Constan ue aep A i f the results for a fixed 
ant ing an analysis of variance of the r x 
ded m oat ether toi = Qi ÍS constant and the equation 


Step-s; à 

ferns We would effectively be testing W. 
his situation would be 

Ta = p ot ein 


Ls 


wh 
erea — ton B 


d 


Yato following reason. 

rtunately, it i that such a tes e for the 10 d 
pn step-sizes xard 32 mc. /sec- /cm.? were used, the majority of subjects recorded E 
sm, e threshold on both occasions. This indicates that the Si jec * is 
all for most subjects (so tha tion of uniform K is pro Inoue. le), 
ecause the n rement 0 crete this variance 1S observed 
bably un 


3 A hom oS stabilised 

ed on U which would have a stabilise variance), 

hi u = (Tin — Tit) /2 V a i i 

E: in would test Vw (her the Kis are e Iso impracticable with the present amount 
à since many of the Uys are zero. 
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j adings at a given 
If £, and K are the same for all subjects, then the total frequency of readings ata 
intensity should be approximately equal to that predicted by the 'single subject we 
sketched above. In Table I is shown the observed and expected frequencies for fo 


TABLE I 
EXPECTED AND OBSERVED FREQUENCIES 


NECI | GEE Gees ee 


Step-size in Range in à 
me. [sec.[cm?. mc.[sec.[cim.? x2I2 228 244 z260 x 
16 Expected .. e|] 179 73 54 54 
Observed  .. ze ms 9 6 6 1:00 N.S. 
Range in 
mc.[sec.[cm.? | 196 228 260 2292 
32 Expected we 72 II:5 IO*4 6:9 
Observed ., a 3 14 13 6 379 NS 


ranges at step-sizes 16 and 32 mc. /sec./cm.? 
not considered for a reason to be taki 


3 This has been done by aligning the modal 
expected frequencies, The non-significant values of x? (with 2 degrees 0 
econ) obtained suggest that the hypothesis of uniformity of pain threshold is a reason- 
able one. 


TABLE II 


OBSERVED AND CORRECTED MEAN PAIN THRESHOLD (ENTRIES IN 


c./sEc./CM.’) 


Observed Group Within subj à 
1 ubject Corrected mea 
RS mean bain standard standard pain threshold 
"b-size threshold deviation deviation T* 
Se Eo eus NN 
8 201 f" iem > a4 E . Ge 
400 23:6 2 
A 234 33:0 IO:9 hes 
3 252 33:8 20-0 228 
ee Otay ing the above remarks, in correcting the observed threshold to obtain the 
same th: shold, T'* (see Table II), we have assumed that the noise distrib tion is the 
roughout the Broup and have use | pi 


(4) 


TABLE III 
Qe coe 


Variance 
n Exact Approx Exact Approx 
- 7 
P 50 0:56 0-05 0-09 
0:37 0:40 0:03 0-0 
20 0:26 0:28 0:02 4 


0:02 
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where T; is the gr 
ES i group mean and var(T, is the within j i i i 
rac group variance, as eds d. Sei RG Verssubre URN SEP pecu 
vation of this formula d f i i 
ORE: 2 ula depends on the approximations i i 
Be Borne yp on of bg data aliour that a reasonable value of K dz Eo eed 2 a 
3 7 2, and in Table III we show the ex i Ms 
Reena AR ue E how the exact and approximate val: 
inar ie no nate values of the 
E x (Ti. )/2K for n = 5, 10 and 20, corresponding t: ES 
the et eee see -— A approximations are fairly ud exce ERE cum E 
y 205 (T) in e E 1 is about twice the exact value. However, replacing var T. 
Bien quation (4) when s; = 32 reduces T* b z only 1 mc. 2 e m UD 
ju equ boss: e and the formula seems to vak A small dual ade 
[ ation we would expect the withi j vari toi 
sepsi : 3) j pec e within subject variance to incr i 
is Ee E prediction is not bcrne out by the data, which shows that ‘this iets 
à en a step-size of 8 mc. /sec. /cm.? is used. The significance of this finding is 


1S S i 
cussed in the next section. 


DISCUSSION 
ment (Has monstrates a feature suggested by an earlier experi- 
i (Haslam, 1965), that the group variance is largest when the step-size 8 map seed 
na Ar STEN, me ; is the finding that the relative contribution to this 

the within subject variance 1S largest at this step-size. This suggests that 
tlined above become important when the 


mall. Thus, there seems to be an 
ability of threshold is greater, and 


abo ats i d 
ove which the theory can be applie dict increased variability. Since 
irement for any experimental procedure, we shall 


1 for the assessment of pain threshold. The data 


S 
Uggest that this optimum interval lies between 16 and 20 mc./sec. /cm.?. 
perative when very small intervals are used are 
If the experimenter uses the same 
als before a near-threshold stimulus 


Start A 
>‘arting point for all step-sizes, then t 

-size decreases. It may well be that some subjects are 

f trials, so that when 


ited number (the 
the subject to end the experiment by 


d value. The assumption that the tolerance 
hin subject variance, and an 


nterval is very S 
alid and the vari 
ied and would pre 


tistical, in nature. 


Pre 
cs to tolerate only a lim 
erval is small, this impa 


re ; 
limi ng pain at a decidedly 5 shold ve 
assu Is a random variable could explain the increased wit] l 
incr mMption about the varying degrees of impatience among cts could explain the 

e eased between subject variance. If this interpretation 1s correct, one would expect 
Tele Impatient subjects to record lower thresholds than the patient ones. It is perhaps 
vant to consider the finding (Haslam, 1965) that, whereas in 


meal d with in 
ower mean pain threshold than extraverts when tested with i 
32 me. /sec. /om.?, ray reverse W when an interval of 8 mc. /sec.?/cm. was used. 


Possibl i isi nd to be more im atient than introverts, 
Nd it is remi ae at FA isi n small Seins intervals are used. 
the n alternative explanation ma e as follows. With each successive peers iS si 
win mulus the subject is likely to bel reis an increasing prone i ity x e 
eet de mer P cime tne e hon fry sage ADU 
cs ive pject is particularly Su ple, fore, 
Saad E Hua Sait hs $ S r tions, and this will result i a iy 
end value = S dal: when the step : As argued above with acc RS 
tne ance limit, the assumption that suggestibility iS 2. random veda e 
ingj e CTeased within subject variance, and it is T 
A vidual differences in degree of suggestibility, MES Un 
intervals subject variance. If sugen versio E x moned 
a Plained by the UM intro ted observation that extraverts are more suggestible 
introverts, ; TW c i ? 
Unif, $ have ae with some statistical justification, at me eer He 
crip Over the po ‘ulation. More evidence in support [E CAEN 
rived from the fabt that the estimated T* for intervals 16 an : 


th 
of this a: 
d 32 mc. /sec. 
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and 228 mc./sec./cm.* respectively, which are consistent with the value 220 mc/sec. /cm.* 
previously suggested (Thomas, 1966). 


We are greatly indebted to Mr. G. M. Clarke, now of the University of Sussex and 
formerly of the University of Bristol, for advice, help and discussion, and to the referee 
for suggesting improvements to an earlier draft of the paper. One of the authors 
(E.A.C.T.) wishes to acknowledge joint financial support from the Guyana Government 
and the University of the West Indies. 


REFERENCES 


BRows, J., and Cane, V. R. (1959). An analysis of the limiting method. Brit. J: 
statist. Psychol., 12, 119-26. 


Harpy, J. D., Worrr, H. G., and GoopELL, H. (1952). Pain Sensations and Reactions. 
Baltimore: Williams & Wilkins Co. 


Hastam, D. R. (1965). The influence of stimulus scale-interval upon the assessment of 
pain threshold. Quart. J. exp. Psychol., 17, 65-8. 


THomas, E. A. C. (1966)., On determining pain thresholds using the limiting method. 
Quart. J. exp. Psychol., 18, 270-2. 


Manuscript received 23rd July, 1966. 


SPEE 3 £ = 
CH SOUNDS IN INTERAURAL COMPETITION 5 
9 


IDENTIFICATION OF 
CONSONANTS AND VOW. 
PRESENTED TO LEFT AND RIGHT EARS* "i 


BY 


DONALD UK 
SHANKWEILER and MICHAEL STUDDERT-KENNE 4 
From the Haskins Laboratories, New York N.Y. = 


The resul 

2 ts of earli i 

auditory arlier studies by several auth 

t patterns are 2 veral au ors suggest that 

different Eodem ae processed primarily in different ke in ci ccm and nau 

elements or all feat he question arises in studies of speech perception ioi cad perhap: uy 
atures of phonetic elements are processed in the same inen S 

ay. e tech- 


nique of di i 
ichotic presentation was used to examine this question. 
hotically presented pairs of synthetic 


The € 
y syle Eee pepe comparsi identifications of dic! 
advantage fi paus o steady-state vowels. The results show igni A 
ge for CV syllables but not for steady-state vowels. Evidence pos Ei 
a ysis by 


feature i 
ure in t A 
the perception of consonants js discussed. 


INTRODUCTION 
that speech perception is characterized by a process 


differe 

* nt from - : 

Kozhevni n that for the perce] tion of other 50' d: c 

vnik i d P 9 unds (see, for exam le, H x 
Speech eta and Chistovich, 1965; Liberman et al., 1966). Recent e, ae ee 
onspeech are processed primarily in different places in the brain neath rr 


this h : 
ypothesis. Studies by Kimura (1961a) and others (Bryden, 1963; Broadbent and 
andom sequences of digits are dichotically presented 


Tegory, 196 

, 1964) have shown that if r 

t a different digit arrives at each ear at the same time, listeners 
n those presented to theleft. If 

ney and Webster, 1965), 


Se i 
__ Several lines of evidence suggest 


in effici 
Crossed andi of handling competing stimuli 
of each hi itory pathways (Rosenzweig, 1951) and the specialization of the auditory areas 
emisphere of the brain for processing stimuli. Studies of 
f the auditory cortex 


Persons wi 
tsons with left- and right-sided lesions © 
the hemisphere 


evide; 
e of functional differences between 
, 1961a; 19615; Milner, 1962; Shankweiler, 1966). 
i h cerebral hemisphere to the perception of different 
i hat stage, in the processing 


I ; 
c cm aai contribution of eac 
of ERU merits further study. A basic question is at w 
level of ph hemispheric differences in function become evident. Do they appear at the 
Bree o etis structure as well as at higher levels ? Data of Chaney and Webster (1965) 
he phon, hat they do. We may then ask whether all phonetic elements, or all features of 
lon offe etic elements, are processed in the same way. The technique of dichotic presenta- 
F Which an approach to these qu i in persons with intact nervous systems, and one 
Percepti we may hope to learn more exp ech perception differs from the 
n the. of other sounds. 
9f synt] e present study we compared identification of 
Ine coe steady-state vowels and of consonant-vowe i 
Batute effects of interaural competition for the various combina 
S contained in the consonant syllable pairs. 


dichotically presented single pairs 
e also exam- 


1 (CV) syllables. 
tions of articulatory 


METHOD 
vowel syllables 


onsisting of sy? 
els in isolation. . 
300 millisec., were prepared on the Haskins 

i (The Pattern 


gnetic tape. 
ech stimuli; hand-painted 


thetic consonant- 


Ty 

and the separate tests were made up, one © 

ix a ther of synthetic steady-state vow! 

attern pasonantong ye syllables lasting 

l layback (Cooper et al., 1951) an o 
controlled synth: 


ayb: n 
ack is a device for producing 
ng of the Acoustical 


e 71st meeti 


* 
Soc An early version of this work was resented at thi 
ion of this V Mee J- acoust. S0C- Amer., 39, 1256, Abstract). 
puerto Rico. 


let 
y of America, Boston 1st-4th June, 


n University, San German, 


N 
Ow at Inter America 
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patterns, modelled on spectrograms, are converted photo-electrically into sound.) They 
were the voiced stop consonants [b, d, g] and the unvoiced stop consonants [p, t, k], each 
followed by the vowel[a]. The fifteen possible syllable pairs (no syllable was paired with 
itself) were made into loops, aligned for simultaneity of onset and re-recorded on a dual 
channel tape recorder (Ampex PR-10). Each member of a pair was recorded twice on 
channel A and twice on channel B and the resulting 60 stimulus pairs were spliced into a 
random order. 

A similar procedure was followed with five, equal duration (300 millisec.), steadystate 
vowels [i, e, e, a, u]. The ro possible pairs, with each member of a pair recorded twice 
on each channel yielded a random order of 40 pairs. 

The subjects for the consonant test were 15 right-handed members of the laboratory 
staff, 10 women, five men between the ages of 20 and 50. Ten of these listeners also 
served as subjects in the vowel test. None had a known hearing loss. 

Subjects were tested individually in a quiet room. They listened over earphones 
(Permoflux, PDR-8), wired for dichotic presentation, to the output from the tape recorder. 
The subjects operated the recorder themselves, starting and stopping the tape before and 
after each trial, and listening to each trial pair only once. They wrote their judgements 
on an answer sheet at the top of which were displayed the six consonants (or five vowels) 
from which they were to make their choices. Listeners were instructed that each stimulus 
pair would contain two different syllables and that they were to attempt to identify both, 
guessing if necessary. They were asked to write the judgement of which they were more 
confident in the first column and their other judgement in the second column. Each 
listener heard each test twice, the earphones being reversed on the second run, so that 


channels and ears were balanced. Approximately half the listeners heard channel A in 
their left ear first; half heard channel B in their left ear first. 


RESULTS AND Discussion 
Consonant-vowel comparison 


The results of the consonant test showed that syllables presented to the right ear 
were identified with greater accuracy than were those presented to the left by 14 of the 1 5 
subjects. The figures given below are mean per cent. correct for each ear when only the 
response given first is counted. 


Left ear 
29 per cent. 


The difference is highly significant (b i 
li y < 0-001 by a two-tailed test). 
only are recorded since it turned out that second fcelte were m 


Right ear 
45 per cent. 


First preferences 
y guess work. 


TABLE I 


EAD E 
MEAN PER CENT. CORRECT ON First PREFERENCES: COMPARISON oF Consonants AND 
VowELs: TEN SUBJECTS 


Left ear Right ear | P 
Vowels 
i. I igni 
Consonants " wm Zz d ae 


The right ear advant F 
and a SE for the ro cakes up again when we com 


vowels—45 per cent. Correct. L 
(41 per cent. 


d 


SY 


MÁY: 
EX 
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The vole of articulatory features in identification of consonants 


The set of six stop consonant syllables can be classified into groups according to 
features of voicing (which has two values: present, absent) and place of articulation 
(which has three values: labial, alveolar, velar). This breakdown is shown in Table II. 


TABLE II 


PAIRED COMBINATIONS OF Six STOP CONSONANTS ACCORDING TO FEATURES OF VOICING 
AND PLACE OF ARTICULATION 
or 


Place of articulation 


Labial Alveolar Velar 
Unvoiced P t k 
Voiced b d g 
= 
Pairs differing in 
ee 
Voicing and place Voicing alone Place alone 
| 
p—d p—b p—t 
p—s t—d "ars 
t—b k—g t—| 
t—&g b—d 
k—b b—g 
k—d d—g 


BENE Lo 


i ix in two features (voicing and place), nine 
i le pairs, SIX contrast in amie 2 Be 
O£ ts E 5 possible, e es, in voicing, but not in place; six in place, bi? notin b 
The see i xs orrect responses On first preferences for these feature con mas 
are Bek foe ent ear a Table III. Right ear performance is the same for a ree 
i d d 


TABLE III T 
E zT. CORRECT FOR EACH 
: ;FERENCE MEAN PER CENT. 
Be OY aule Lie ee DIFFERENCES: FIFTEEN SUBJECTS 


Ear ACCORDING TO 


Pairs differing in: Magpom 
Voicing and place Voicing alone | Place alone 
Deel Right Left Right | Left | Right 


n 28 17 29 | 22 28 


iti - itis only for the left ear that the conditions differ in difficulty. 
Tempe S puppe) eco marked trend. The advantage is greatest at an 
qu ile contrast (17 per cent.), next greatest for the voici +)» 
for the place contrast (6 per cent.) The overall effect E simi 
us aA T E d E reed p the difference betv 
voici and place alone 1s n. ignificant, h ONE 
Rd he double contrast is significant with f, unen stimuli dif 
auditory psychophysics that would lead one to predic cows Suli differing On 


i i to identify tha 
along two feature dimensions should be more difficult to ! 
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one. This outcome supports other studies, such as those reported by Kozhevnikov and 
Chistovich (1965), suggesting that the perception of consonant-vowel syllables may involve 
some process of analysis by feature. 

The effect is due, as we saw, to the greater error rate for syllables presented to the left 
ear when two features vary, suggesting that speech signals of this kind are more readily 
processed in the left hemisphere when the identification task is difficult. A detailed 
analysis of the errors is needed to discover precisely what the left hemisphere does better 
than the right. This will require a confusion matrix analysis which we are currently 
carrying out on a larger body of data collected on dichotically presented natural speech 
syllables. The analysis may throw some light on the feature system used in the per- 
ception of consonants. The system may then be compared with that used in memory 
as exemplified in recent experiments by Conrad (1964) and Wickelgren (1966). A masking 
experiment such as that of Miller and Nicely (1955) does not speak to this issue because 
the masking stimulus has an unequal effect on different features. 


Conclusions 


We can summarize the main findings and implications of this experiment as follows: 
(1) Relatively large and stable laterality effects occur on dichotic presentation of nonsense 
Syllables displaying phonemic contrasts. This strongly suggests that left hemisphere 
dominance in speech perception operates at the level of speech sound structure. (2) The 
effect can be demonstrated when only a single pair of syllables is presented on each trial, 
indicating that it pertains to the registration of the stimuli and not only to their retention. 
(3) The effect is significant for synthetic consonant syllables, but not for synthetic steady- 
state vowels. (4) The effect is greater for consonant-vowel pairs differing on two articu- 
latory features than for pairs differing on one. This suggests that the perception of such 
consonant syllables may involve a process of analysis by feature. 


This work was supported in part by a grant to Haskins Laboratories from the National 
Institute of Child Health and Human Development. 
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ON PROCURING HUMAN SUBJECTS 


BY 
D. R. J. LAMING* 
From the Department of Psychology, University College, London 


A large number of subjects was required for a series of choice-reaction experiments. 
An ample supply of volunteer subjects was obtained without excessive trouble by sending 
a circular letter to every undergraduate in Trinity College, Cambridge. Several different 
types of circular were compared, but none of them proved any more effective than the 
others. A probabilistic model is developed which accounts adequately for the times 
taken by the undergraduates to reply. The discussion following covers the implications 


of this model, and a technical reason why the different letters should appear equally 
effective. 


INTRODUCTION 
The series of experiments reported by Laming (1967) required about 200 subjects, and 
procuring these subjects was a subsidiary problem in its own right. Previous experience 
i of undergraduate advertisements on a 
t number of volunteers. I therefore 


720 men to be circulated, there was an o ortunity to learn something 
about how best to do it. ds E 


It was planned as a deliberate experiment and the details were 
as follows: 
Method EXPERIMENT I 


y were distinguished by three factors: first 
ius "emotional" (an appeal from a research student in 
a formal request for help), or “rational” (ar uing that the 
c me uu E come and help in the cause of science). Second, Nor the letters 

a middle paragraph Siving a few details of work done during the previous year 
he : erkers did not include this. Third, half of the letters 
Psychological” ; the others made no referenc hology 
at all. All of the letters were headed “Trinity College, Cambridge” and end Ath the 
O return a reply card (enclosed) if he was 


TABLE I 


Nui F 
MBERS OF REPLIES (OUT OF 60) RECEIVED TO EACH LETTER Usep IN EXPERIMENT Í 


With middle paragraph Without middle paragraph 


Reference to | No reference | Refer 
ence to No reference 
Psychology | to psychology psychology | to psychology 
emotional” x 21 = 
ormal 24 20 
Rational X 18 I5 2I 
2I 


22 22 


Sixty copies of each letter were s 
x ent out, 
to their year and whether they were reading rely eae 
evenly amongst the r2 alte. i he det 


graduates were grouped according 
nce and each group was distributed 
ers were delivered on one day in 
ere collected at the same time each day, 
Cambridge, 
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beginning on the f i 

1 ollowing day and continui i 

rond E g day nuing until the fourteenth day zhi 

I Sg ecd received. A few further replies came in between then add the ep ur 
ate of receipt was recorded with these. um 


Results 


A total of 241 repli v i 
plies was received to the 720 letters sent Th 
ou f Ea i 
fout m n m. epe type S ties are shown in Table I. The diee E 
ar from significant, nor is there any difference vhich i E 
any of the factors distinguishi A a ol E 
fant guishing the letters. There is no difference in tI i 
relied Bs m eere e of different years, but a slightly higher inuportita cree 
A a men (y? — 3°66 with 1 d.f., which is nearly significant at the o- " 
Pr ied proportion of replies was received from men living in college han. oes 
isba gings (y? = 5:96 with 1 d.f., p «0:02), who also took longer on average to d 
ee id instead of 3:90 days for men in college). The temporal distribution of the 
rom men living in college is shown in Figure 1, where it is compared with the best 


FIGURE 1 


A Observed distribution of replies 
sol- D Geometric distribution with 0 = 0:256 
O Beta-geometric distribution with m— 32, n= 6:9 


Number of replies 


Number of days 
n Experiment I compared with tw 


Distributi T e 
j : a 2 lies 1 eoretical 
istributions. of “In College" reph 

d estimate of the 
? estimate). The 
-82 with 8 d.f., 


6 is the maximum likelihoo!: 
uivalent to a minimum x 


fitti 3 
tting geometric distribution (9 = 925 
t quite significant (x° = 14 


i zibution parameter; it is asymptotically eq 
SS rence between these two distributions 15 no 
9'05). 


EXPERIMENT II 
t to all who had replied to the first letter, 
illing to assist in 


g whether they were wi 
residence the following 


m those who had 


In the summer of 1961 a second letter was sen 
enquirin; 


thankin 
g them i hel and 
U for their offer of help URS d era 


© same way duri ing yi 

uring the following year. > r 1 
eu ras replied There was no difference 1n the proportion of replies fro 
i ar and those whose offer had not been taken up; nor was 
in college and those out in 


done an experi 

À periment during the ye / 

ere any di ; ion of replies from those ege ant 

lodgings.” The tem in dem of pales from those men living n college was 

®*pproximately the = ab as that of the replies to the first letter. The maximum likelihood 

estimate of 0 is 0-2 Ed the observed distribution is significantly different from the best- 

Ing geometric eio (x? = 22:68 with 7 d.f- P < 001). The difference consists in too 
X eighth days. Finally, the 


Stee a i í b: t to the 
proport: the first and su sequen t 
Pearman poen Coefficient between individual reply times to the first and 


<Cond letters was 0-223; this is significant at the 0-05 level (t = 2°01 with 77 d.f.; see 


H 
egel, 1956, pp. 202-13). 
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EXPERIMENT III 
Method 


Eighteen months later further subjects were needed. A third set of letters was sent 
out to the then first and second year undergraduates in Trinity College, who had not 
previously been circulated. Eight different letters were used. They were similar to the 
“formal” letters of the first set and differed amongst themselves in the following respects: 

(i) by the substitution of “Dear Sir" and “Yours faithfully, D. R. J. LAMING” for 
"Dear Mr. ..."' and “Yours sincerely” followed by a signature; 


(ii) by the omission of the middle paragraph as in the first set of letters; 

(iii) by the substitution of the address “The Psychological Laboratory, Downing 
Street, Cambridge" at the head of the letter in place of “Trinity College, Cam- 
bridge.” 

Fifty-five copies of each letter were sent out. The undergraduates were grouped 

according to their year and whether they lived in college or in lodgings and each group 
was distributed evenly amongst the eight alternative letters. The letters were delivered 


in one day in January, 1963, and the accumulated replies were collected at the same time 
each day until the eighteenth day. 


TABLE II 
NUMBERS or REPLIES (out OF 55) RECEIVED TO EACH LETTER USED IN EXPERIMENT III 


FSS ESSE EE EEE Ee eee ene EESEBE 


With middle paragraph Without middle paragraph 
Address at Psychological Trinity Psychological Trinity 
head of letter Laboratory College Laboratory College 
“Dear Sir," etc. I 
5 DUNS oe 4 12 14 I 
Dear Mr.—,” etc. .. 18 15 14 1 
o ————————— 


Results 


One hundred and nineteen replies were received to the 440 letters sent, 


, One hi his propor- 
tion is slightly less than that of October, 1960 (y? = 4:9 i ps 
i ; = 497 with 1d.f., p < oos). The 
RES em of replies (out of 55) to each type of ke dre shown in Table f ^ Gisrences 
etween these numbers are again far from significant, nor is there any difference which 
could be attributed to any of the factors distinguishing the letters. There is no difference 
between the Proportions of replies from undergraduates of different years, nor between 
the Proportions received from those living in college and those out in lodgings. The 
temporal distribution of replies is shown in Figure 2. It is similar to the distbstions of 
replies to the first two sets of letters and differs from the best fitting geometric distribution 
(0 = 0-239) in the same way (x? = 19:43 with 9 d. f., p < 0°05). 


THE DISTRIBUTION oF REPLY TIMES 
The geometric distributi 
graduate who ultimately re 


siste ees tha sepu neten 0 has a beta distribution, Be(m,n) in the population 
ie. f(a AMETE aL 
: IO) = re 06 — 8e i 
Then, if g, denotes the expected proporti 


on of replies on the y^ day, 


SE CELE (n + v — 2) 
TW m3 (m +n +7 —1) 2 


&r= 
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The beta distribution is i 
ta is introduced here for practical i 
i i D practical convenience rather th 
pu YT Necessarily the parameter of a geometric distribution dod ‘the 
Ss E < I, and since the two parameters of the beta distribution may assume Ed 
d inne vee ge unimodal distributions on the unit interval may be pee oe 
t uitable choice of m and n. Most } isti i ined 
NU M Db iieui. of the statistics of interest may be obtained 


FIGURE 2 


A Observed distribution of replies 
O Geometric distribution with 8 = 0:239 
o Beta - geometric distribution with m= 23, n—48 


50 


4s 

$ 
T 

n 


Number of replies 
S 
T 


5 s 
p p= 


over 18 


Number of days 
pared with two theoretical distributions. 


Distribution of replies in Experiment III com 


In practice thi ber of replies arriving on each day was recorded for a certain 

number of days ew. det veut zh 1....h, be the number of replies received on the »'^ 

duy and let v,,, be the total number of replies received on or after the (k + 1)th day. 
hen the maximum likelihood estimates of m and n satisfy 


k 


> Rl (n o * Mer 
q m= ve = 

> [xp 

> [C S e nmn] AR 


reel [easi 


(3) 


and th A iteration. For the distributions of replies shown 
= Ente d eni as may be solved e approximate solutions (3:2, 6*9) and (2:3, 48) 
Tespectively m ae The theoretical distributions with these parameters are shown in 

igures 1 and (m not differ significantly from the observed distribution. ed 
Case. The two sets of estimates (m, n) are reasonably consistent. The theore ical mean 


Teply time is (m + n — 1)/(? — 1) and this takes the values 4-14 and 4°67 SR tales 
Sets of pus. iance is 
data. "The theoretical variance! he difference 


mn(m + ^ — 1)/(m — ipm — 2), 
n © values 41:5 and 132:9 respectively. once between the estimates therefore 
eflects for the most part a difference 1n sample variance. 


DISCUSSION 
s ME f replies is obtained from a 
same theoretical distribution © p fi 
ya Urn scheme (see Feller, 1957) p. 110, with b = m, 7 cai S c — 1). In this case 
he same distribution of reply times with fixed parameters ho * a d every member of the 
Population, but the longer 2 man puts oft replying, the less likely he is to reply on the 


Mt happens that exactly the 
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following day. The data of Figures 1 and 2, of course, do not distinguish between these 
ER eo Pa dde predicts that two sets of replies pes epe dee. 
: i i «peri ts I an 3 
tion should be uncorrelated, and in the comparison of e Rimen ee a 
so. The beta-geometric model, on the other hand, gives a thi Š x 
ee [Acta of 1/m, pA ae Coenen a ee e pe" seme oiana me 
independent. In fact the sample product-moment cor s in eee 
peri II is 0-078 (this is computed from the raw scores w “ial: 
ea ee is eat na Hom maka), tup ide eda c dom ie 
is o ems likely that while the pa J of an i va 
obs End coim ema in the population studied, its distribution is more 
sharply peaked than the estimates (m, 1) (in this case 3-2, 6-9) eee a "—— 
As well as the speed of reply, it appears that the probability o rep 5 i hoc 
varies in the population studied. Suppose instead the contrary, namely, t e optics 
bility of replying, ¢, is constant for each recipient of a letter. Then the number 2 TOP S 
to the different letters in Tables I and II should show a variation at least as grea d 
theoretical dispersion of binomial random variates. In fact these scores are me Sod 
than would happen by chance, yielding unusually small values of x* (Tab eI: x cud 
with 11 d.f.; Table II: x? = 2-30 with 7 d.f.). The sum of these x? statistics is s en WD 
at the 0-025 level, at the bottom tail of the distribution ; this implies that the scor A n ied. 
tables arise from mixed binomial trials, that is, that ¢ varies in the population stu d 
The variance of a mixed binomial statistic is less than that ofa binomial with the ei S 
average $ (see Kendall, 1945, Vol. 1, p. 122) and it is possible to estimate the yaran Pe 
¢ in this way. Neglecting any difference of effect between the letters, Var ¢ is 0-105 
Table I and 0-135 for Table II. The difference is not significant. . T 
One effect of the mixed binomial trials is that it is difficult to demonstrate a differen š 
between the letters, even where one exists. The scores in Tables I and II were Tao 
formed by the arcsin transformation and re-examined by an analysis of variance (S 


Snedecor, 1956, §1 1.12), but the result was qualitatively the same. 
It is possible to name some of the factors 
undergraduate replying. Personal friends ani 
to reply. Scientists are a Le 
But the experience of doin ring the preceding year seems not to mak 
any difference. The third set of letters drew a slightly smaller proportionate response 
than the first set, probably because they were sent out later in the academic year, when 
the undergraduates were more settled in their leisure activities. Pressure to reply OY 


effort necessary to ssue. In the design of the experiments 


D ; no pressure was put on the recipients to respon. 
(except possibly through the contents ers) and the action of sending a reply was 


value. 
The statistical characteristi 
the expected. Careful thou 


cs of the reply times and frequencies seem but to confirm 
Suggested precisely those h 


ght in advance of th 


psychologists. The lett 
and the subjects obtaine 


Iam indebted to Miss V. R. Cane for several helpful t d in particular for 
drawing my attention to the Polya Urn scheme, This Nube the Psychological 
Laboratory, University of Cambridge, while T held a D.S.LR. studentship, and the pape’ 
was prepared with support from a grant provided by the S.R.C. 
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REACTION TIMES FOR SIMPLE SHAPE DISCRIMINATIONS 
REQUIRING ONE OR BOTH VISUAL CORTICES 


BY 
G. S. BRINDLEY, R. H. S. CARPENTER and D. N. RUSHTON 
From the Physiological and Psychological Laboratories, University of Cambridge 


Reaction times for a simple two-choice shape discrimination requiring either one or 
both visual cortices were measured. r 

In a total reaction time of around 400 millisec. the difference found was 3-0 + 2:6 
millisec. If subjects were weighted according to number of observations, and — 1:34 + 
1-68 millisec. if they were weighted according to reciprocals of variances of differences of 
means; that is, it was not significant. 


INTRODUCTION 


Ls Tt might reasonably be supposed that a shape discrimination requiring only the 
information received by the visual cortex of one hemisphere could in general be performed 
ore quickly than one requiring the information received by both hemispheres. Partly 


FIGURE 1 


A ON f 
WU 7 i S 


Eu of the 16 stimulus cards, The small filled circle below each pair of lines is the 

| -hemisphere stimuli. The other 12 cards had patterns 
"wn in the Figure about the fixation mark through 9° 
two-hemisphere), and 270° (one hemisphere). 


TABLE I 


Figure all in Fi ; 
gure split 
, one half-field bet d 
Observations pas o Fi MM etween half-fields Standart 
Subject leading Mea is Nue differe a 
Mer, mistakes) (millisec.) Mistakes (millisec.) Mistakes of means 
I FIRME m] aaa a CA ee RE 
; 447 3944 1r ER Em zi 
3 09 4239 24 430:8 24 4 
s; 393 5492 6 555:8 4 p 
E 358 510:3 9 536-1 6 ns 
H 1 506:3 Io 492-0 15 78 
7! Bie 498-1 30 483:8 28 103 
8 468 299 29 4324 20 9:7 
9 a 4750 Io 405-2 3 9: 
10 396 Uds 29 4791 13 73 
II TI 4 404-0 o 13:3 
12 Pee Toz 5 396-5 2 13:6 
13 648 n 34 39255 21 8-5 
15 $ eal TE v RE 24 
2 37 348-7 15 dms da aes 
17 222 35675 8 3544 12 I79 
18 ae pee 4 303-6 a 
363 4493 5 A 1o 


HALF AND WHOLE-FIELD REACTION TIMES 7X 


on theoretical grounds and partly on the basis of preliminary experiments we judged the 
set of stimuli of Figure 1 to be the most likely to reveal such a difference in speed of 
discrimination if it existed. 


METHOD 


A box tachistoscope was used, and the stimuli were drawn on cards which were exposed 
for roo millisec. A fixation mark was continuously visible. The figure to which the 
Subject had to react appeared above, below, or to one side of the fixation mark, and 
consisted of two short lines at 45? to the vertical forming either a straight line or a right 
angle, as in Figure r. The subject viewed the stimuli monocularly through a prism, by 
rotation of which the entire array could be turned through 90°. By doing this between the 
first and second of the two similar sessions (often consecutive) for which each subject 
served, we controlled for any differences in drawing or illumination, since the figures that 
had been projected to one hemisphere only were now projected to both, and vice versa. 

The subject was instructed to press one of two buttons if the two halves of the figure 
formed a right angle, and the other if they formed a straight line. 

The set of 16 stimulus cards was presented one by one, then shuffled, then presented 
again, and so on. A warning click was given one sec. before the tachistoscope flash. A 
dekatron counter was started at the same time as the flash, and stopped by the subject’s 
Pressing one of the buttons. The very few reaction times that were less than 200 or more 
than 800 millisec. were discarded. Mistakes (i.e. instances where the subject pressed the 


Wrong button) were much commoner; they were recorded and are shown in Table I. 


FIGURE 2 


Number of observations 


400 
Reaction time, millisec. Y EE TARTI S 
ELER on times. The ordinate of each point is ae Y 3 R IOA 
ü istributions of ECT ec. interval to the right o: Berne iemal feld (one hemi 
s that fell in the 10 FT ae wholly within one han oe halves of the field ("two- 
sphere), tee tien E for figures divided ee vations due pooled without adjustment, 
Ti EE m the foo neat a n described n D Md dien EU 
have id Peta displaced upwards by 4° 120 ond 100 
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RESULTS 


The two lowest curves in Figure 2 show the pooled distributions of reaction times for 
the one-hemisphere and two-hemisphere conditions. The upper curves of the same 
Figure show the result of computing the mean reaction time for each session of each of the 
18 subjects (taking the one-hemisphere and two-hemisphere observations together), 
adding to every reaction time the constant needed to bring the mean for its session to the 
arbitrary value of 420 millisec., and then combining the 36 sessions, treating the one- and 
two-hemisphere observations separately. The means of the resulting combined distribu- 
tions differ by 3-0 millisec., that for the two-hemisphere condition being the smaller, 
contrary to our expectation. The standard error of the difference of means is 2:6 millisec. 
(8178 d.f.), so the result does not differ significantly from zero. " 

The above is an appropriate statistical treatment if one assumes that the “true 
effect of dividing the incoming information between the two hemispheres varies from 
subject to subject, and wishes to know the average value of this effect in the human 
population; all observations other than mistakes contribute equally to the final estimate, 
irrespective of which subject made them. However, as can easily be seen from the last 
column of Table I, subjects varied greatly in the scatter of their reaction times. It might 
be argued that a more useful estimate would be obtained by weighting the differences of 
means for different subjects not merely in proportion to the numbers of observations, but 
in proportion to the reciprocals of the variances. This would be the correct procedure if 
it were assumed that the “true” effect of dividing the information between the hemi- 
spheres is the same for all subjects, so that different subjects are providing independent 
estimates of the same quantity. The weighted mean obtained by using it is — 1'34 
millisec., where the minus sign indicates that the two-hemisphere condition gives the 


longer reaction time, The standard error of the weighted mean is 1-68 millisec., so the 
difference from zero is again insignificant. 


DiscussioN 


The result provides no evidence that the brain is any slower in deciding whether an 


interrupted line is straight or bent when the necessary i ion is divi 

t : » ry information is divided between the 

ae pem cortices than when it all comes to one; in particular, it is incompatible, for out 
est conditions, with a slowing greater than about 5 millisec. 


Manuscript received 23rd August, 1966. 


CH 
OICE RT TO NUMBERS AND STIMULUS “TRUTH” 73 


CHOICE REACTION TIME TO SINGLE DIGITS, SPELLED 
NUMBERS, “RIGHT” AND “WRONG” ARITHMETIC 
PROBLEMS AND SHORT SENTENCES 


BY 


RANT and ROBERT A. FLEMING 


JANE A. NORTH, DAVID A. G 
From the Psychology Department, University of Wisconsin, Madison, Wisconsin U.S.A 


Average RT to single number stimuli were found to differ si i i 

ses gnificantly, with 

ns being evoked by 1, 2, 6, ando. The relationship was most -— aed ees 
c presentea visually as digits but held also when the numbers were printed as words. 
Hts dn for classification of simple three-digit addition and subtraction problems A 
snudf y or incorrectly added or subtracted was shortest for correct additions and about 
dues or incorrect additions and correct and incorrect subtractions, implying a difference 
ES enia of these forms of information. Similarly, dubitably false sentences were more 
auo classified as "true" or "false" than were indubitably false sentences and either 

itably or indubitably true sentences. 


INTRODUCTION 
S The present paper reports choice reaction time of college students to single digits and 
s pelled numerals. Also reported are the average times required to classify as “right” or 
Do simple addition and subtraction problems and short English sentences. The 
m were obtained primarily to determine optimal CS-UCS temporal intervals in differen- 
ial eyelid conditioning experiments, but they turned out to possess some intrinsic interest 
and are reported for that reason. ould be of interest to investigators following 
Bae on RT as a function of uncertainty c 
Se 1962; Fitts, Peterson, and Wolpe, 1963; Forrin orin, 1906 
S ying response latencies in naming objects (e.g. Morin, Konick, Troxell, and McPher- 
and 1965); and investigators of information processing à 
a Thomas (1963). 


EXPERIMENT I 


Method 
the spelled numbers ONE through NINE, 


The stimuli consi 

sisted of the € : E 

and three-digit eR and subtraction problems in the form: 8 — 2 — 68+1=7, 

etc. The problems might be right oF wrong. If wrong, the error never exceeded 3. 
lack India ink with a Leroy lettering set and were 


L E 
; Fan mg digits were printed in b 
21n. 1n height. a 

: Sa were presented for 2 sec. by means of à Scientific Prototype three-channel 
mirror tachistoscope. The viewing distance was 4 ft» and the luminance of the pre- 
pei Reaction times were obtained from a Hunter 


and post-ex 5 
i & ]ds was 70 ft. can es. 
Voice- posure fie m 

operated relay and a lockcoun 3 E Au. 


T Hunter CI 
he subject was instruc’ ers would appear 


that diei 
t digits, spelled numbers, 2 Troia tol had appeared as 
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i i isti X d from these medians, 

d RT to each e ofstimulus. All statistics were compute . 

Bia each Subecr contdbuted one score for each digit, spelled number, E 

incorrect addition or subtraction, and the data were analysed as randomized blocks, 
subjects being the blocks, and order of treatment being ignored. 


FIGURE 1 


Mean reaction time 


Numerals 


| X $4 $ & 7 8 * 
Stimulus 
Mean reaction time to digits and spelled numbers (words). 


In Figure 1 the median RTs for each digit and spelled number are averaged over 
subjects. The standard errors of these means ranged from o-o12 to 9:016, and the average 
values tend to be slightly higher than those reported earlier (e.g. by Forrin and Morin, 
1966). The data of Figure 1 show that RTs for digits tend to parallel those for spelled 
numbers, being fastest for I, 2, 6, and 9, and these differences are statistically significant 
when tested by an overall analysis of variance, F (8,136) = 2-83, p < o-or for digits and 
F (8,136) — 2:18, p < 0-05 for spelled numbers, with subjects x stimulus type providing 
error mean squares of 00024 and 0:0028 sec, respectively. 

We have no convincing explanation for the significant variation in RT to the different 
numbers. The fastest RTs were to the numbers I, 2, 6, and 9, 
tion between RT and length of the spelled n 


Processing of the subjects, or they could arise because 
er is the case, differential effectiveness of the speech 
oe i eem to be ruled out, because of (1) the high 
sensitivity of the voice key and (2) the fact that the sound spectrograms of the different 
responses seemed not to be correlated with the RTs. For example, the initial portion 


“six” and “seven” are virtually identical, but the RTs differ 
considerably. We have no data to indicate whether or i 
and emit the different numbers as responses. Thus, finally, we 


© numbers do not form a homo imuli and 
responses, omogeneous class as RT stimuli a. 


In Table I are given the mea; 
classes of arithmetic Problems. The analysi i i i 
c ee ysis of variance treats the experiment as factorial 
m probem type ae Correctness in randomized blocks (subjects) and E summarized in the 
ower na TOL the table. The error term is obtained by pooling the block interactions. All 
effects, problem type, Correctness, and their į i i 
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": TABLE I 
EAN RT IN SECONDS FOR CLASSIFYING CORRECT AND INCORRECT ARITHME 
PROBLEMS us 
Mean 
Problem type Correct Incorrect 
Addition T aa T 0:896 1:061 
Subtraction .. . F 1:043 1:082 


SuMMARY OF ANALYSIS OF VARIANCE 


Mean 
Source of variation d.f. square F 

bia. hose eee 
Problem type se I 0-129 18:43 
Correctness ; T I 0:186 26:57 
Interaction ]? in I 0:072 10:29 
Between Ss F 17 0:095 13:57 
Error Áo T 51 0:007 


appeared that the subjects, knowing the addition table better than the subtraction table, 
recognized” correct additions but had actually to carry out some calculation in order to 
d incorrect subtractions. 


classify the incorrect additions and the correct an 
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provided four median scores corresponding to the four cells in the upper part of Table D. 
that were used in the analysis. The means across subjects varied from rupe E 
uncertainly false sentences to 1-258 sec. for uncertainly true sentences as shown in e qe 
The statistical analysis was the same as with the arithmetic problems, and as wi d 
arithmetic problems, all sources of variation produced significant Fs. A series of t- r^ 

performed on the different scores between the various stimuli showed that only : e 
uncertainly false stimuli took significantly longer to classify than the certainly fal 2s 
¢ (51) = 3-96; certainly true, £ (51) = 4°63; and uncertainly true sentences, ¢ (51) = 9 us 
Otherwise the largest ¿was 1-09. The slow performance on the uncertainly false sentenc ^ 
then, was the basis for all the significant Fs for sentence type, certainty and their inter: 
action in Table II. 


TABLE II 
Meran RT IN SECONDS ron CLASSIFYING SHORT SENTENCES AS TRUE OR FALSE 


SS a a er ei 


Mean 


Uncertainty of classification “Trus” “False” 


Uncertain |... es T 1:258 1:462 
Certain Bs " M 1:267 


SUMMARY OF ANALYSIS oF VARIANCE 


Mean 
Source of variation d.f. square F 
Certainty ee ax I O1I3 7:06 
Correctness ats Sg I 0:243 I5:19 
Interaction E va £ 0:139 8-69 
Between Ss 17 0:194 I2:12 
Error 


ments are presented in false or negative form. In à 
h r - 107) has referred to the “apparent difficul 
of dealing with negative information,” P- 107) pparent di ty 
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APPARATUS 


ACCURATE DELAYS FOR AUDITORY FEEDBACK 
EXPERIMENTS 


BY 
A. W. F. HUGGINS 
From the Department of Phonetics, University College, London 


ape recorder for producing accurately 


le auditory feedback. Any value of delay 
from 8o millisec. to 1-2 sec. can be obtained to the nearest millisec., and the range could 


be extended by some minor changes. The delay is continuously monitored on a digital 
electronic timer. 


Producing the delay 


Eth of the path followed by the tape between 
the recorder, and is thus based on the same principles 
as the adapter described by Tiffa: 


o not have to be movadi 
) Pe speeds, of the speech disturbances induce 
by the delay; and normal use of the tape re R 


corder is not affected. 
FIGURE 1 
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adjustable pulley 


Plan view (b) Pant 
of tape path Pulleys 


Not to scale 
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ed tape path, 


Partly exploded diagram (not to Scale) of the com 


plan view of the modifi 
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The tape recorder used was a Brenell model STB 1, which is a half-track stereophonic 
recorder, with one record and two playback heads, and tape speeds of 15, 73, 3$ and 1j i.p.s 
The “upstream” playback head gap is 1} in. from the record head gap, giving a minimum 
delay of about 80 millisec. at 15 ip.s. Smaller values of delay could probably be obtained 
by fitting a larger capstan, thus increasing the tape speed. 

'The delay is increased by means of three pulleys between the record and playback 
heads. Two of the pulleys are mounted on rigid arms on a block bolted to the tape 
recorder base plate between the heads (Fig. 1b). The third pulley is mounted on a sliding 
arm, and can be brought up from the back of the tape to deflect the tape path between the 
fixed pulleys (Fig. 1c). The sliding arm is held by a spring and a clamping screw in a 
second block, that is bolted to the base plate on the far side of the pressure-pad mechanism 
from the tape. When the sliding arm is drawn back from the tape, its travel is checked 
by a stop that prevents damage to the pulley. In this position, none of the pulleys is in 
contact with the tape, and the tape can be threaded and rewound, and the recorder can be 
used exactly as if unmodified. The sliding arm can be slid forward until a micrometer, 
mounted on the arm, touches a ball, fixed to the block holding the slider (see Fig. ra). 
Thus the setting of the micrometer controls the position of the movable pulley, and thus 
the delay, and yet the whole slider can be drawn back, out of contact with the tape, 


without alteri ing of the micrometer. 
dme ath can be lengthened by about 2 in. to 


Since a 1-in. mi er was used, the tape p 
M EP Ar Kot o millisec. at 15 1-P-S- If the second, "downstream" 
h is lengthened by a further 1} in., giving a maximum 


Longer delays are obtained by using the slower play- 
back speed * ed giving à maximum delay of 1-2 sec. A larger range of 
delays conli po^ 3E ned by using a 2-in. micrometer, but problems might then be 
encountered with the vertical alig : For some purposes, it might also 
be possible to use the 14 i.p.s. Spee ity of the reproduction deteriorates, 
and flutter might become objectionable. 
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Circuit diagram of the pulse generator. 
ng the pulleys, since they must be vay ped A RE 
in-line b d playback heads. The pulleys were D Ed, The difficulties 
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tec E = pay er roundness of more than abon oot 
and each pul Pah be a friction-free and wobble-free * lows. The PTFE is held in a 
able pull pulley mus de on an ordinary metal-lathe, as om ea oe P Then the O.D. is 
collet. while the central bore is centred and drilled with a No. 53 2 about 3 in. of PTFE 
&round (or turned, taking smal Ey orte ini 
Proj emm iram the collet, and the ‘ioatihe end supp 
Steel pin being held in a pinchuck in the lley be flat, and norma. 
is also important that the ends of the pulley be mentation tap 
Pulleys made in this way, 2n DB Y ool holdback 
reduce the wow and flutter, bY adjusting uirements for speech 
Inaudible, even in a 1 kes. pure tone. The red 


The hardest problem is maki 
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Monitoring the delay 


The Brenell STB 1 is a stereophonic recorder, and in its present application, only one 
track is used for delaying the speech (or other) signal. The second track is used for 
monitoring the delay. ` A pulse is recorded on the second track, and when it is played back, 
after the delay, it is used to trigger the pulse generator, so that a second pulse is recorded, 
andsoon. The result is a train of pulses on the second track of the tape, whose repetition 


digital readout of the delay in millisec. can be obtained. The micrometer adjustment, 
together with the continuous digital monitoring, makes possible very accurate adjustment 
of the delay. 

_ The circuit of a suitable pulse generator is shown in Figure 2. It consists of a Schmitt 
trigger for detecting and reshaping the pulses played back from the recorder, followed 
by a monostable multivibrator that produces the pulses for recording. The pulse train 
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ere, while the correlation coefficient only summarises the information in the table 
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style of its predecessor. There is now less emphasis on early learning and a more cautious 
appraisal of the relevant evidence, both clinical and experimental. On the other hand, 
there is much more about adult learning and intelligence, too, gets a fuller treatment, 
including a section on Piaget. The sections on the nervous system have been slightly 
expanded and brought up to date. A glossary has been added—useful in many ways 
but with some unfortunate entries. "'Disgust," for instance, is defined as “arousal 
accompanied by mediating processes tending to produce avoidance of the exciting object. 
Surely this is just the kind of thing that Dr. Hebb has hitherto been so successful in not 
writing! Glossaries should convert jargon into English, not vice versa. 
O. L. ZANGWILL. 


Behaviour Therapy Techniques: A Guide to the Treatment of Neuroses. By Joseph Wolpe 
and Arnold A. Lazarus. Oxford and London: Pergamon Press. 1966. PP. 
ix + 198. 21s. 


This book consists mainly of a detailed description of behaviour therapy techniques. 
Particular attention is paid to the methods of "reciprocal inhibition” popularized by 
Wolpe in which an action or thought inimicable to the neurotic symptom is practised by 
the patient to help overcome his difficulties. Other techniques involve ''teaching, 
explanation, suggestion, persuasion, drug abreaction, conditioned avoidance techniques 
and environmental manipulation. 

No-one would deny that behaviour therapy is a useful addition to psychiatric treat- 
ment methods for selected patients. Many, including the reviewer, would suggest that 
the presentation by Wolpe and Lazarus is oversimplified and that some of the claims made 
(e.g. that “behaviour therapy is effective in all neuroses") are simply not true. The 


approach to basic theoretical problems of conditioning and learning is naive; the diag- 
nostic interviewin 


g (examples are quoted in detail) is crude; the techniques themselves, 
EH s arua above, are blunderbuss in their variety; some of the moral issues are frankly 
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chapters 8 and 9 which deal respectively with maturity and old age. Little of the sub- 
stantial volume of work published during the last 12 years is mentioned in Chapter 8, and 
in Chapter 9 it is completely ignored. 
These faults should, perhaps, be judged leniently when the immense scope of the work 
isremembered. To weld physiological and experimental findings on arousal and attention 
together with Freudian concepts and developmental evidence extending over the whole 
d Dr. Hebron deserves our gratitude for having 


life span is indeed a formidable task, an j 
attempted it at all. We may hope, however, that having come thus far she may one day 
take the further step, which someone will have to take sometime, of cutting through the 


tangled concepts and fantastic terminology of previous writers to a straightforward, 
coherent and lucid statement. In short, this reviewer would say to Dr. Hebron what a 
reader of his own first book said to him: “I look forward to reading your next book." 

A. T. WELFORD. 


Human Brain and Psychological Processes. By A.R.Luria. Translated by Basil Haigh. 

New York and London: Harper & Row. 1966. Pp.xix + 587. £5 10s., $14.50. 
Higher Cortical Functions in Man. By A. R. Luria. | Translated by Basil Haigh. 
London: Tavistock Publications. 1966. Pp. xvi + 513. £6 6s. 

T j ings together ten papers on neuropsychological topics written by 
mor m deese pep 3o years, several of which have been specially revised and 
brought up to date for publication here. Among the problems dealt with are cerebral 
localization of function, the cortical organization of movement and the role of language 
in the regulation of behaviour. Although the main emphasis is upon the effects of brain 
lesions, Professor Luria has a wide acquaintance with general psychological issues, more 
especially in the developmental field, and is concerned be pou bs ne te data g 
pathology as an aid to our understanding of normal behaviour. 1 E 100) con ah ee 
with profit by any psychology student sufficiently intrepid to venture beyond the fashion- 
able texts and topics of today. ; rtions, first published in Russia in 

a ally is a work of major proportions, puy 
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is concerned, the interest lies in these segments of the book which report new work, 
notably, some brilliant experiments by J. R. Haynes on the organization of memory 1n 
problem solving, a sophisticated study of "algebra word" problems by J. M. Paige and 
H. A. Simon, and some fresh data from A. D. de Groot on competence in chess. 

I. M. L. HUNTER. 


Human Conceptual Behavior. By Lyle E. Bourne, Jr. Boston: Allyn and Bacon. 1966. 
Pp. viii + 139. $2.50. 

This workmanlike little volume is part of a new paperbound series entitled ''Contem- 
porary Topics in Experimental Psychology." The editors are James Deese and Leo 
Postman, and each volume aims to introduce undergraduates to ways in which some set 
of psychological issues can be explored by appeal to experimental data. The issues in 
this volume arise from those kinds of laboratory task which have come to be known as 
experiments in concept formation. The book has three roughly equal parts. The first 
part describes what is meant by “concept,” some different forms of concept experiment, 
and the main ways in which these experiments have been interpreted. The second part 
pursues the experimental analysis of several task variables, and the third part continues 
this analysis in relation to subject variables. Within his self-imposed limits, the author 
skillfully raises clear questions and attempts to answer them by considering relevant 
experiments of recent date. There is a good bibliography. If other volumes in the 
Series are as competent as this, the series will be useful for undergraduates and also for 
those of us who find it increasingly difficult to keep abreast of all that is happening in 
experimental psychology. I. M. L. HUNTER. 


Attraction and Hostility. An Experimental Analysis of Interpersonal and Self Evaluation. 
By Albert Pepitone. London: Tavistock Publications. 1966. Pp. ix + 234 


30s. 
It would be difficult to disagree with the first point made in this book: many theories in 


social psychology are too general and amorphous to prove thei 
à r the Í 
Specific and unambiguous experimental predictions. E quie e 


goes on to argue, in the area of research with which he is 
in interpersonal relations. A rapid ( 


ct, and events that do occur. The experi i 

€ l i perimental paradigm 
Pare of such discrepancies while sttetuptidg to hol 
B s es in evaluation which are presumably not derived 
of rewards in a competitive adr E threats to status or security, or the structure 


with high self-esteem who acc i able information about themselves than in people 


In his concluding cha: t s Š e 
Has been Serial is d a Uu Provides a piece of sane self-evaluation: “The step 
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variables which, when they pertain to human social 
resisting many of the controlling techniques which 
Henri TAJFEL. 


will have to take place in tangles of 
behaviour, have a way of stubbornly 
are possible in simpler situations. 


Ability Structure and Subgroups in Mental Retardation. By John Clausen. London: 
Macmillan. Washington: Spartan Books. 1966. Pp. viii + 208. 80s. 

This is a research report. The work is extensive and is carried out carefully, and the 
presentation is clear and thoughtful. Different age groups of subnormal children were 
tested on a large variety of tasks and compared with 8 to 10-year old normals. The con- 
clusions were that the subnormal subjects performed generally better on perceptual than 


on motor tasks, and that there was a relatively greater impairment of simple than of 
ked difference between normals and sub- 


complex motor functions. There was no mar! 
int differentiation, brightness differentia- 


normals on measures of eye dominance, two por H 8 
tion, mirror drawing, the extent of the Müller-Lyer illusion and anticipation. Those 


tests which discriminated best between normal and subnormal children included pure tone 
threshold, simple RT and fine as well as gross motor co-ordination. 

Within the subnormal group, muscular strength, static equilibrium and decrease of 
the size-weight illusion developed from age eight up to adulthood, while performance of 
motor speed, motor manipulation, dynamic equilibrium and complex perceptual tasks 
developed up to the age of 15 and thereafter declined. — Kinaesthetic and cutaneous space 
discrimination declined from age 8 onwards. Laterality and performance on some per- 
ceptual tasks requiring judgement of quantitative relations showed no development with 
age, but also no difference betwee! Is and subnormals. On the other hand, no 


n norma. ; 
developmental trends but lower Jevels than normal were obtained on perceptual tasks 
requiring qualitative judgements and on pure tone threshold. 

Analysis of performance patterns according to neur 


ological, EEG or etiological 
variables did not prove very productive. Such efforts might have been more successful 
if more determined attempts had been made to link the fi 


ndings with those obtained in 
: ld in the subnormals contrasted 

neurops , the ve high pure tone thresho nt S 
with = seen AN E dr Us ee The author explains this in terms of n CIO Ode 
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/ s d th non-verbal auditory per- 
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results re cred in this book, they are far from convince eae iis Hie sophisticated 
investigation are very interesting and the pe cw ud BEATE IRE 
theoretical approach might have improved their interpre E ` 
ingfield, Illinois: Thomas. 
The Biologic Basis of Schizophrenia. By Jon L. Karlsson. Spring 
1966. Pp. xi + 77 $4.75- : 
. This monograph presents 2 brief account | of ee 
ticular attention to the genetic aspects. The genetical account reviews 


a Singer’s work). 
Teceive mention (with gaps, Ben and S28" 3, (that helped cl 
‘recess! i i 
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i i i of 
The book is essentially a résumé of research which has been carried out in pageant ie. 
fields having some bearing on psychiatric problems It ene a E ge 
i { i vi hem in operational terms, a f: € 
than it answers, but by dealing with t e Hes 
is withi $ keeps clear of the stumbling | 
answer is within reach. The author w isely ; a een Staal 
i i i h topics as Arousal, Anxiety, 
tic categories and confines himself instead to suc S : 
pens Tees neki nearly 9oo investigations into bens and alea 2d -— 
svchologist should encourage his psychiatric colleagues rea a 
Although Fritten ie a straightforward style and apts pee ie jeu en 
i i ces i 7 goi but we shou e extremely gra 
weight of material makes it heavy going, Bue. Dever ey a sea war 
Costello for collecting it all together for use, and for presenting it in a oe, 


; : > . Van 
Science and Theory of Psychoanalysis. Edited by Irwin G. Sarason. London: *à 
Nostrand. Insight Book No. 26. 1965. Pp. xiii + 205. 14$. 


Professor Sarason has brought together a collection of papers that makes an pare 
and useful volume. The papers fall into three parts. The first begins with an [ve 2 
ated) version of Freud's 1913 paper on “The Claims of Psycho-analysis to Sci et 
Interest"; and it contains papers by Frieda Fromm-Reichmann, Ramzy and SEES ai 
two contains two papers—by Robert W. White and Urie Bronfenbrenner on nE 
developments of psychoanalytic formulations. Part three contains five papers b» D 
different evaluations of psycho-analysis. It begins with criticisms from Knight Ov d 
and Skinner; it continues with a different type of assessment by Joseph Nuttin mn by 
defence by J. F. Brown; and it ends with a review of the scientific status of analysis 
Ernest Hilgard. , The 

It is useful to have these interesting papers put together in a handy volume. à 
harassed teacher and puzzled student will find this volume of value in enabling them iid 
put their hands quickly on a variety of different contributions and points of view e 
psycho-analysis. However, it could also be argued that the volume has an importan* 
limitation. It does not include any paper that explicitly attempts to uncover the sources 
of the dispute about the status of psycho-analytic theory. The volume does not attempt 
to explain how it is that distinguished psychologists and others can come to such very 
different conclusions about the nature of psycho-analysis as they do in this volume itself. 
To Dunlap, for example, "there was, however, nothing in Freud's system which had not 
appeared in superstitions which were common several centuries before the beginning O 
the Christian era," To J. F. Brown, on the other hand, the “theoretical conceptions of 
psycho-analysis are the most adequate we have in accounting for the sources and dis- 
tribution of energy in the integrated behaviour of the organism as a whole." In the face 
of such unresolved conflicts of opinion the ordinary student may be tempted to say, °” 
closing the volume, that he is still almost as confused about the nature of psycho-analys!® 
as he was when he opened it. à 

But this response to the volume would not be wholly just. For some papers—for 
example, Nuttin’s and Hilgard’s—do throw much needed light on some of the sources 
of the trouble. Thus, Hilgard points out, in effect, how psycho-analytic theory can 
looked upon as providing models of different aspects of human functioning; and thereby 
he shows that, if we do not look upon it in this way, we may be tempted into Skinner-like 
criticisms of psycho-analysis. Again, when he speaks of the validation of psycho-analy ti 


propositions, he speaks of it as involving a “reconstruction” of analysis, from which 2 
better science will emerge." In so doing, he is also pointing out that, if we do not se 


how the validation of psycho-analytic propositions involves their reconstruction, we may 
be tempted to maintain, simp 


tem m liciter, that they cannot be tested at all, and hence that 
belief in them is just superstition. 


So there is much more in this volume than the casu? 
reader may suppose; and some of the papers deserve careful attention. 


B. A. FARRELL 


Aspects of Learning and Memory. Edited by D. Richter. London: Heinemann. 1966 
Pp. x + 182. 35s. 


Enough books purporting, as does this one, to describe recent advances in memory 


research are now making an appearance to give the conscientious reader an all too direct 
experience of the reality of retroactive and proactive inhibition. In the present case t 

material is internally so variable that not much interference is likely to occur betwee? 
its chapters. Indeed a few of the chapters do not easily interfere with the retention O 
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other works even in the same field of specialization. According to the book jacket eT 
is written by a group of scientists working in different fields of research and each chapter 
gives a different viewpoint. The first three, written by a psychologist [M. Metcalfe], a 
clinical neurologist [W. Ritchie Russell with Freda Newcombe] and a pathologist []. B) 
Brierley], deal with various aspects of memory in man; the remaining four chapters 
relate to basic aspects and pursue the problem further into the fields of physiology, 
biochemistry and animal behaviour.” These latter four authors are Sir John Gaddum, 
D. Richter, B. S. Meldrum and I. Steele Russell. F 

Not only is the work variable in subject matter, but also in the thoroughness of treat- 
ment and in application of critical judgement. The chapters by W. R. Russell and 
Freda Newcombe, and by Brierley, are useful and concise summaries of some of the 
salient features and causes of memory disorders seen clinically. Even these, particularly 
the former chapter, contain some puzzling assertions, such as the argument that disorders 


caused by injury to the limbic system could not, in effect be a failure of retrieval ''as far 
as learning new material is concerned" (p. 17)- On the whole the four papers which 
] behaviour are much more detailed and 


relate to physiology, biochemistry, and animal 3 
closely argued. Richter's chapter on biochemical aspects of memory is level-headed and 
F critique of some features of theories of molecular coding 


cautious, and contains a helpful A ^ 
of memory. Richter seems to traditional view of an alteration in 
w also endorsed by Meldrum in his 


synaptic transmission to account for learning, a vie T [ 
chapter on electrical signals and cellular mechanisms of learning. Strong evidence 
favouring such a view is di n, but at least a number of speculations are 


fficult to pin dow! 

presented here. Meldrum’s paper seems unnece: 1 
varied diet and some unusual suggestions. He appears to be somewhat sceptical of others’ 
views and is dogmatic in support of his own suggestions. And both he and Richter seems 
all too ready to accept Lashley's views on mass action without vd attempt to incorporate 
material more recently available—including material presente elsewhere in the same 
volume. : s 
We are told in the preface that the chapter by the late 2 J ohn peepee is ws x 
of his scientific publications, and there isa suggestion that S was under considerable 
lively and displays an enormous range of 


stress when it was written. The chapter is 5 E Peau À 
354 tely, terribly uncritical and will disappoint 
Butitus unfortun® 7 r writings. But at least he 


- E n Sir John's earlie a 
iae phone Era ate are based upon Sir J :ons have been made without 
warned us in 


evidence and the language of psyc i 
fact with fancy." One is not inclined to quarrel with that, 


by him. 
ee 
rehensible to the average d rna EN 


sarily jargonistic, but it provides a 


i id an 
i e" Steele Russell’s chapte, 0 pi me 2b xperimental psychologist. 
. in this volume, and the most comp 1 à 
: n i ; mal experim 
It contains an excellent review of relevant anim Ed pere lidation 


Stimulation, lesion, electrophysiolog of references. But more notewo 
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he distinctions among Y " s bound to disagree 


far from unitary affair. 
With points of emphasis, 
s. of temporal and f 

er work, I Gastau À io rning: 4 
also, is ihe satio of habituation into redundancy lora, tation and habituation 
without merit, but I feel the distinction tive after-image 
is often quite dificult to Y D Also, there are on found 
isa cy le w. , em ^ oun 
E pM of pner hat Weissman, Chevalier, bue pe The permanence 
me 2 onen 2» bis stà CS. (p. 1 55). In fact, only Chevalier ex E Se wisdom 
of del losses" after E- Rapter is solid ^ d valuable, and some of f$ “WprsraÊNTz. 
Pri Pd kre ss certain of the other contributors. S 

: . 1965. PP. xii 
The Spiral After-Effect py Harry C. Holland. London: Pergamon 965 P 
y. . 
+99. 35$ . 

. The movement after ees (MAE) is one © 
in psychology. First reporte , 
completely Ey einterprete b Helmbolte, ie 
and roo years and over 20° papers later, 1 


iki intriguing illusions 

most striking and in 
istotl edm one of the very few effects to be 
by Aristotle, ibuted it to eye movements), 


tly attri ; 
pet an unsolved mystery. Holland's 
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monograph is a model of lucidity and thoroughness. It contains a well balanced critical 
review of the literature from 1825 to 1963-4, with chapters on the influence of Stimulus 
variables, Programme variables (presentation rates, etc.) and Observer variables: and 
theoretical explanations of the effect. He makes suggestions for further research, which 
he facilitates by providing, in an appendix, reproductions of 31 usefulspirals. Asa good 
experimentalist, Holland suggests that many of the discrepancies between the findings of 
different workers almost certainly arise from a failure to standardize experimental con- 
ditions. He is quite prepared to criticize individual experiments (e.g. “this present 
worker has three times failed to replicate this observation with older observers” (p. 9). 
The MAE was widely studied during the nineteenth century, and much of the best 
work on it was done then. During the revival of interest in the effect over the last 20 
years, much of this early work has been repeated, often unwittingly and often less skilfully. 
There has been much recent experimentation both by “pure” experimentalists and by 
clinicians looking for diagnostic tests of personality and of brain damage. Holland 
explores the tangled web of experiments designed to evaluate the MAE as a clinical tool, 
concluding that psychologists ‘‘would be unwise to imagine that they are conducting 
an investigation of brain damage, just as any neurological surgeon would be equally 
(es to accept the results of spiral 'tests' as factors in their diagnostic deliberations' 
P- 73). 
It is curious and sad that an effect which has been studied so much should be under- 
Stood solittle. A mere 43 pages (out of 99) are enough to describe all the past and present 
explanations" of the effect —none of which commands universal agreement. ‘This is 
only half a page more than Holland's useful suggestions for further research. Oddly, 
Holland seems content to be agnostic about causes: “The person who reads this mono- 
graph in the belief that it will ‘explain’ the spiral after-effect will be disappointed, for it 
is based upon a working premise that the main interest of the psychologist is how an 
under what conditions the illusion occurs or can be modified. It is not concerned with the 
ultimate cause’—whatever this may mean—but only with its description" (Introduc- 
tion, p. x). But in spite of Holland’s lack of interest in underlying mechanisms, hi$ 
monograph will now be essential reading for everyone who hopes to understand the MAE. 


S. ANnsTIS. 


Dynamics of Response By M. Notterman and D. E. V intz. L v York: 
y > . . T > 
ondon and Nev 


between effort demanded and effort EAREN nd the attempt to specify the relations 


that the rat tends not to maximi i 
T aximize reinforcem 


proprioceptive. It is backed by a range of a o Duod are ei 
evelopments involving reinforcement ec n A du 

stadi and without external cueing iud. pus or two “bands” of intensities of response; 
studies on force measurements in fixed rati i i 
drive and amount and quality of AEE Rd interval schedules as well as to studies 0? 


T i ement, 

ea 4 E aimed mainly at mapping out the field, with the inevitable 

pow Wee pa ata in some cases are extremely thin. The mapping process is 

important consisten: and despite its deficiencies there is sufficient evidence to indicate 
eee cies in phenomena. For example, increase in force is observed under 

unreiniorced response conditions, this observation holding under conventional extinction, 
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within cycles in fixed ratio and fixed interval, and in the iscriminati 

i 1 l 1 fis ind fi» | process of discrimination of 
stimuli which signal the availability or unavailability of reinforcement. Secondly the 
use of force measures as dependent variables and force requirements as independent 


variables, allows the development of new procedures which have potential value in the 

examination of problems outside the range of this monograph, and it seems clear that its 

publication represents a further step in the extension of the range, and consequently the 

analytic and explanatory power of operant techniques. C. C. KIERNAN. 

Contrary Imaginations: A Psychological Study of the English Schoolboy. By Liam Hudson. 
London: Methuen. 1966. Pp. vii + II. 25S. 

This book has three outstanding merits. It concerns real psychological issues about 
relatively mature intellectual functioning; it treats these issues with a constructive 
honesty which grants their complexity; and it is written in forcefully simple language 
which is a pleasure to read. These merits need to be stressed because there is much which 
invites criticism—a needlessly iconoclastic flavour, omissions of several obviously relevant 
Psychological studies, metaphors which are at once vivid and acknowledged to be inade- 
quate, considerable speculative indulgence, an occasional lack of sharp clarity in the 
questions pursued. These defects will irritate readers in different ways and to different 
extents. But they are worth bearing for the sake of the book as a whole. 

f several hundred English schoolboys on 


The factual core concerns the performances o ) 
assorted tasks. The boys are in the senior years of secondary school, and are all intellect- 


ually accomplished in that they are likely university entrants. The tasks comprise an 
intellige n-ended tests (such as naming as many uses as possible for 
gence test (AH5), ope ort autobiography and description of 
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The Structure of Association in Language and Thought. By James A. Deese. London: 
Oxford University Press; Johns Hopkin Press. 1966. Pp. xiii + 216. 52s. 

Professor Deese in this book heralds a new approach to the theory of word association. 
He argues that the Philosophers have misled us into considering association as a develop- 
ment of stimulus-response pairs. Research has, therefore, become preoccupied with 
studies of the contiguity of stimulus and response to the neglect of the structure of relation 
between words. Examining this verbal edifice reveals that word associations result not 
from learned stimulus-response pairs, but rather from mental operations of grammar and 
semantics. These mental operations relate closely to the foundations of our thought 
processes. 

Structure is revealed by considering the similarity of stimulus words, measured here 
by the “associative meaning” of the words. The associative meaning of any word is the 
distribution of its associative responses; two words are similar to the extent that their 
word associations are the same. 

This measure of similarity Provides for any set of words a complete quantitative 
description of how much each relates to the others. Particular sets of words are highly 
interrelated and a factor analysis on such a set produces major components reasonable 
for the set of words. Applying this technique to a wide variety of words displays certain 
types of highly related Eroups of words. These types divide along grammatical lines: 


às active-passive; 
ilarity among the words 


These semantic Structures reveal the mental operations w 
(1) Contrast, and (2) Grouping, Deese’s new laws of association 
associative meaning" by contrast provided this is "unique," 


: 1 only adjectives could hardly 
result from an arbitrary Set of Words i vcn "di iie g any T 
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Boring's task was more constrained. Continuity with the philosophical origins of 
Psychological formulation was required. But experimentation, even when it misfires, 
sharpens conceptual disjunctions uncomfortably. Biological influences, too, raise issues 
which play havoc with previously accepted rules of the game. Boring was singularly 
successful in 1929 in producing a book that was clear in standpoint and exposition, full of 
tempting references to original sources, and eminently readable. Contemporary experi- 
mental psychology could be seen as developing naturally out of a ‘‘pre-scientific’” but 
rational era through the impact of sixteenth and seventeenth century observation, mathe- 
matics and experiment, with a continuing core of philosophical cogitation. This is an 
orderly and comfortable view—at least it was then to anyone like myself who came to 
psychology with a background of some physics and a smattering of philosophy. Indeed 
a great deal, even of more recent development, can be made to fit into it. But inevitably 
it also excludes or obscures much that is important and more that is interesting. And it 
has an unfortunate tendency to perpetuate its own pattern. 

This book of Readings—for it is open to question whether that is not, by reason of the 
Selection and multiplicity of its contents, a more appropriate title—avowedly aims ata 
Tange of cover extending beyond what can be called "experimental.'' Nevertheless the 
Original outlines of the H istory show through, and the picture which emerges of what 
William James called “a hope of a science” is informed with that splendidly vigorous and 
PIEressiVe; yet rather restricted, optimism so well-embodied in the Tower named after 
him. 

The book comprises 116 excerpts divided among fifteen Chapters. Each excerpt is— 
Obviously— brief, but each makes its point and forms a link in a chain which, though 
basically simple, does take account of the classical divergencies such as that between the 
Synthetic and the analytic interpretation of mental function. Translation—much of it 
freshly done—and documentation are well looked after and the introductory and connecting 
iS by the Editors are helpful and free from undue gloss. What of the selection 
Itself ? 

Each Chapter is self-contained and has its own chronology running from 350 B.C. 
(where appropriate) to the end of the nineteenth century, with occasional forward excur- 
ons into the twentieth to round off a theme. Chapter headings define topics such as 
..Psycho-physics and Sensory Measurement," "Evolution and Individual Differences,” 
à unctionalism" and “The Reflex" much along the lines of a useful course of introductory 
ectures. The excerpts themselves have been most skillfully chosen so that none are 
misleading and few difficult on account of their inevitably meagre context. There are not 
many intriguing surprises to be found by anyone not quite a newcomer to the history of 
Psychology, But it is pleasing to see some justice done to Hughlings Jackson and Gall. 
William Small's part in the introduction of the maze into animal learning research is a 
beautiful €xample of the pioneering study that is only possible before the well of truth 
becomes muddied by clumsy stirring. Asa sidelight on Titchener, Stella Sharp’s pursuit 
of the individual quu hasa certain historical interest. Slightly surprising in the 
Opposite direction i E: i Stange the omission in the chapter on cerebral localization of 
Material from Wand m Wr amare Willis, while to omit something from Charles Bonnet in 
the Chapter entitled "c iai arative Psychology' seems a pity. But by and large all is 
much as might be ex oe oe regard to the general framework. Anyone might feel 
tat this or that escent could profitably be replaced by some other but, given this 

work, no one is likely to cavil generally. 3 é 
" far more im ortant consideration is that of what form and content a book with this 
title Should have x Or, perhaps more to the point, what form and content could it have? 
Ow far, for exam le should it present material which, though it was ignored at the time 
and thus played ud art in the manifest chain of development, can now be seen to be more 
aptly Televant to ae resent state of the subject than much that was in the swim and 
US has an accepted Pisce in the traditional story? To what extent is it possible and 
Profitable to introdnos those concurrent trends in the scientific and cultural milieu which 
are often so much more significant than events in the main stream P. ^ " 

hat is the “Psychology” of today which is supposed to have a History"? Does it, 

for example, include features which directly or indirectly have to do with the pathology of 
Mind? Such questions are legion as no one can know better than Professor Boring. And 
no one, not even he, could produce a book of "Readings" or "Sources" which could 
Mvalidate them all. ‘But one wonders whether the time has not come to hope that young 
and qualified scholars will open up those features of the history of psychology which are at 
Present concealed in- the shadows cast by its traditionally accepted worthies, Many 
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historians of science are, after all, engaged in work drearier and less potentially illuminating 
than this would be. : . " 

Even with its present limitations, however, this book represents an immense amou : 
of erudition and loving care and it has a personal flavour about it which could not Have 
been contrived merely to meet a need. The history of their subject is, in this d 
any rate, not a matter for great enthusiasm among psychological students today, p. 
have so much to captivate them in the contemporary scene. Butany that look inside this 
book will be bound to find something to catch his attention and lead him to explore à 
little. No Departmental Library can afford to be without this book. 


R. C. OLDFIELD. 


PUBLICATIONS RECEIVED 


JOURNALS 


Tuternational Journal of Psychology, Vol. 1, No. 1, 1966. Edited by G. de Montmollin. 

Published for the International Union of Psychological Science by Dunod, 92 rue 

onaparte, Paris 6e. Quarterly, one volume per year. Subscription 35F, single 
issues gF. 

Science Citation Index 1965, Quarterly No. 3. 
to the Literature of Science and Technology. 
Source Index. Anonymous and A-Zysk. 
Citation Index, Aach-Metz. 

Citation Index. Metz-Zyus and Anonymous. Patent Citation Index. Corporate 
ndex. 


Philadelphia: Institute for Scientific Information Inc. 
Mental Health Book Review Index, Vol. 11, 1966. With an editorial: Links between the 


An International Interdisciplinary Index 


: 2, NO. 2, Sept. 1966. Edited by Mohammad Ajmal. Research 
Journal of the Department of Psychology, Government College, Talore. Published 


istry of Defence. Pp. 19- 


. G. Hopkinson, Inaugural Lecture at 
- Lewis. 1966, Pp. 27. 5s. 


e Built Environment. By R 
Be, London. London: H, I 


iu 
A Standardized Road-Map Te: E 


z à st of Direction Se: d 
n 7 nse. By Joh ; for 
mr 3 4 s ue. ohns Hopkins Bet T "o UR ee 
London: [o pis s Diagnosis of Aphasia. By Hildred Schuell. 1966: 
tity Press (Minnesota University press), £5 per set. 


Review ina later issue i 
Working with Groups: 


Group P. iui, 
Walter F. Lifton, Da acess and Indivi 


dual Growth. (Second Edition). By 
London and New York: Wiley. 1966. pe xi + 288. 5 


PUBLICATIONS RECEIVED 93 


Recidivism: A Deficiency Disease. By Alastair W. MacLeod. London: Oxford University 
Press. 1966. Pp. 131. 36s. 

Clinical and Social Judgment: The Discrimination of Behavioral Information. By J. Beiri, 
A. L. Atkins, S. Briar, R. L. Leaman, H. Miller and T. Tripodi. London and New 
York: Wiley. 1966. Pp. xiv + 271. 60s. 

Psychotherapy and the Psychology of Behavior Change. By Arnold P. Goldstein, Kenneth 
Heller and Lee B. Sechrest. London and New York: Wiley. 1966. Pp. ix + 472. 
68s. 

A Theory of Achievement Motivation. Edited by John W. Atkinson and Norman T. 
Feather. London and New York: Wiley. 1966. Pp. x + 392. 87s. 

Principles of Psychological Measurement. By G. C. Helmstadter. London: Methuen. 
1966. Pp. xx + 248. 36s. 

Practical Care of the Mentally Retarded and Mentally Ill. By Ruthanna Penny. Spring- 
field, Illinois: Thomas. 1966. Pp. xviii + 252. $9.50. 

Der Sensitive Beziehungswahn: Ein Beitrag zur Paranoiafrage und zur psychiatrischen 
Charahtevlehre. By Ernst Kretschmer. Berlin: Springe-Verlag. 1966. Pp. viii + 
236. DM 36. 

The Female Alcoholic: A Social Psychological Study. By Barry A. Kinsey. Springfield, 
Illinois: Thomas. 1966. Pp. viii + 223. $8.75. 

Studies on Psychosis: Descriptive, Psycho-A nalytic and Psychological Aspects. By Thomas 
Freeman, John L. Cameron and Andrew McGhie. London: Tavistock. 1965. Pp. 
vii + 245. 35$. 

The First Year of Life: A Psychoanalytic Study of Normal and Deviant Development of 
Object Relations. By Rene A. Spitz. In collaboration with W. Godfrey Cobliner. 
New York: International Universities Press. (London: Bailey Bros. & Swinfen.) 
1965. Pp. xix + 394. 775 = 

Marriage and Family Relations. By Robert C. Williamson. London and New York: 
Wiley. 1966. Pp. x + 618. 60s. 

Socialization after Childhood: Two Essays. By Orville G. Brim, Jr. and Stanton Wheeler. 
London and New York: Wiley. 1966. Pp. viii + 116. 38s. cloth; 17s. paper. 

Group Values through Children’s Drawings. By Wayne Dennis. London and New York: 
Wiley. 1966. Pp. xiii + 211. 53$ 

Psychoanalysis in America: Historical Perspectives. Edited by Murray H. Sherman. 
Springfield, Illinois: Thomas. 1966. Pp. xii + 518. $15.75. 

Group Therapy in Childhood Psychosis. By Rex W. Speers and Cornelius Lansing. 
London: Oxford University Press (North Carolina University Press). 1966. Pp. xx 
+ 186. 38s. 


The Excitement and Fascination of Science: A Collection of Autobiographical and Philo- 
sophical Essays. By Contemporary Scientists. Palo Alto: Annual Reviews. 1965. 


Pp. x + 566. Cloth $5.50. Paper $2.45- 

The Importance of Lying. By Arnold M. Ludwig. Springfield, Illinois: Thomas. 1965. 
Pp. xi + 238. $9.75. 

Emotions and the Job. By S.G. Rogg and C. A.D'Alonzo. Springfield, Illinois: Thomas. 
1965. Pp. xiii + 192. $6.75. 

The Wantons. By Lieta Harrison. Trans. by Diana Fussell London: Ortolan Press. 
1966. Pp. 140. 21s. 

Absent: School Refusal as an. Expression of Disturbed Family Relationships. By Max B. 
Cline. London: Tavistock Publications. 1966. Pp. xi- 269. 38s. 

Leadership and Motivation. By Douglas McGregor. Cambridge, Mass. and London: 
MIT Press. 1966. Pp. xiii + 286. $6.95, 53s. 

Praktikum der Experimentellen Psychologie. By P. Fraisse. Bern and Stuttgart: Hans. 
Huber. 1966. Pp. xv + 379. DM 38. 

Psychology in Community Settings: Clinical Educational, Vocational, Social Aspects. By 
Seymour B. Sarason, Murray Levine, I. Ira Goldenberg, Dennis L. Cherlin and Edward. 
M. Bennett. London and New York: Wiley. 1966. Pp.x + 714. 98s. 


94 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


" : » x ier- 
Theories in Contemporary Psychology. Edited by Melvin H. Marx. London: Collie 
Macmillan. 1963. Reprinted 1965. Pp. xi + 428. 80s, ; — 
i 7 7 "chiatry ^ FIT. ited by oseph : 
R t Advances in Biolo ical Psychiatry. Vol. V III _Edited by i 
BU ate of the 20th Ananal Convention and Scientific Program of the d 
Biological Psychiatry. New York: Plenum Publishing Corp. 1966. Pp. xiii + 367. 
$16.50. 


Human Spatial Orientation. By I. P. Howard and W. B. Templeton. London and New 
York: 1966. Pp. 533. 84s. 


Foundations of Clinical Psychology. By Richard H. Dana. 


London: Van Nostrand. 
1966. Pp. viii + 322. 545. 


The Genesis of Language: A Psycholinguistic Approach. Edited by Frank Smith hes 
George A. Miller. Cambridge, Mass and London: M.I.T. Press. 1966, Pp. xii 4- 400. 
80s. 


PAPERBACKS 


The Fields of Group Psychotherapy. Edited by S. R. Slavson. London and New York: 
Wiley. Science Editions. 1966, 


Pp. xiii + 338. 15s. ($1.95). d 
Research Techniques in Human Engineering. By Alphonse Chapanis. London: Oxfor 


Press (Johns Hopkins Press). 1906: Pp. si 4+. 376, 20s. ($2.45)- 
Reviewed in this Journal, Vol, XII, 1960, f. 192. , 
Check Your Own IQ. By H. J. Eysenck, Harmondsworth: Penguin Books, Pelican 
Original. 1966. Pp. 192. 38. 6d. 


Some Problems of Measurement in Psychophysics. 
sitetsforlaget. 1966. Pp. 61. nkr 18.0, 


The Biology of Art. By Desmond Morris. London: Methuen. University Paperbacks. 
1966. Pp. 176. 25s, (cloth, 428.). Reviewed in this Journal, Vol, XT, 1963, p. 80. 
Anxiety, Nervousness ang Depression. By FE. R. G. Casson, London: British Medical 
Association, Family Doctor Booklet. 1966. Pp. 31. rs. 

A Programmed Introduction 4 : - Elzey. Belmont, California: 
Wadsworth, 1966. Pp. viii + 376. 

Hypnosis and Related States: Psychoanalytic Studies in Regression. 


By Merton M. Gill 
and Margaret Brenman, ondon and New York: Wiley. Science Editions. 1966. 
Pp. xxiv + 404, 17s. ($2.25). 


By Kenneth Junge. Oslo: Univer- 


2 7 Studies of Sensory Deprivation, By Jack Vernon, London 
xvf Books. Pelican. 1966. Pp. 182. 38. 6d. Reviewed in this Journal, Vol. 
» P. 94. 


Psychologia a Kybernetika. By Michal Strizenec, Bratislava: Slovak Publishing House. 
1966. P- 241. Kes 23. (1o-page English summary.) 

Kompendium der Psychodiagnostischen Tests 2. 
H. Hiltmann, Bern and Stuttgard: Bern. 


nd erweiterte Auflage. By 
Insight Books, London: Van Nostrand. 1966. 
D 


1966. Pp. 304. Fr./DM 22.00. 


O. 32. peo gona Accommodation, By Mark Abrahamson, Pp. vii + 151- 
I485. $1.75. i 
No. 33. : j j 
No. 33 hale H: An Adventure in Innovation, By N. J. Colarelli and Saul M. 


. Pp. viii + 248. 18s, $2.25. 

a 34. Attention, , Edited by Paul Bakan. "o. Vi + 225 

0. 35. Reconciliation: A heory of Man Transcendi 3 

= Jourard and Dan C, Overlade, Pp, x 2f. 148. r4s 

alden Two, . i i illa iti 

A A Re E Skinner, London: Collier-Macmillan. Paperback Edition. 
Science and Human Behavior, US : i i 

EA on a ondon: Collier Macmillan. 


Animal Behavior, By Keller Breland 
I6s. 


1066. Pp i Sum. à London: Collier-Macmillan. 
Social f Psychology: 4n E, 


c «perimental A h. 
py es Wadsworth (London: Prentice Pio) nee Robert 
12s. 6d. 


Paperback Edition. 1965. 


and Marian Breland. 


B. Zajonc. Belmont, 
ternational.) 1966. Pp. viii + 120. 


PROCEEDINGS OF THE EXPERIMENTAL PSYCHOLOGY SOCIETY 95 


PROCEEDINGS OF THE EXPERIMENTAL PSYCHOLOGY 
SOCIETY, 1966 


28th-30th March, 1966. Meeting at Bristol. 

Ist Session: “Evaluation of negatives and passives in relation to meaningful change,” by 
Mrs. Judith Greene.* “The effect of exogenous hormones on the aggressive and 
defensive behaviour in the Ring Dove,” by Dr. D. M. Vowles and Mr. D. Harwood.* 
“Intracranial self-stimulation behaviour in chilled hibernators,” by Dr. N. Mrosovsky. 


2nd Session: “Tolerance and cross-tolerance studies between mescaline and its analogues 
in the rat," by Dr. J. R. Smythies and Miss E. A. Sykes.* “The ‘efficiency’ of the 
conditioned eyelid response," by Dr. Irene Martin and Mr. A. Levey.* 


3rd Session: “Effect of noise on perceptual selection," by Dr. D. E. Broadbent and Dr. 
Margaret Gregory.* “Errors and error-correction in choice responses," by Dr. 
P. M. A. Rabbitt. ‘‘Subjects' strategies in mediated facilitation of paired-associate 
learning," by Dr. R. O. Rouse.* 

4th Session: "Performance under progressive interval schedule with and without reset 
contingency," by Mr. P. Harzem.* “Eye movements in form perception," by Dr. 
J. A. M. Howe. 

5th Session: “Discrimination learning in normal and severely sub-normal children," by 
Dr. P. Bryant.* “Some effects of bilateral lesions within the frontal or temporal 
lobes upon the ability of baboons to match and discriminate visual stimuli," by Dr. 
A. W. H. Buffery.* 


11th-13th July, 1966. Meeting at Cambridge. 

Ist Session: “The interaction of long and short-term memory," by Dr. A. Baddeley. 
“The manipulation of split-span memory behaviour by pay-off strategies,” by Dr. N. 
Moray. “Recognition of multi-dimensional stimuli," by Dr. D. Corcoran. 


2nd Session: “Observing responses and the reduction of uncertainty by the monkey," by 
Dr. J. Steiner.* “Disturbances of size constancy following cortical lesions in the 
monkey," by Mr. N. Humphrey.* “A comparison of the effects of striate cortex and 
retinal lesions on visual acuity in the monkey," by Dr. L. Weiskrantz and Dr. A. 
Cowey. 

3rd Session: "Communication between quail embryos and its effect on hatching time,” by 
Miss M. Vince. “Cardiovascular conditioning," by Professor S. I. Cohen.* 
The Sir Frederic Bartlett Lecture “Things, words and the brain," by Professor R. C. 
Oldfield. 

th Session: “T i isual after-images by eye movements," by Mr. J. H. 

* Garton,* M oW Wi corde] Mz. Di P. M Nathan “Characteristics of light 
onset reinforcement,” by Mr. C. C. Kiernan.* “Timing behaviour in the rat,” by 
Mrd. J: Bradley* and Dr. J. R. Smythies. “A unique behavioural profile for 
psychometric drugs," by Mr. V. S. Johnson* and Dr. J. R. Smythies. 


5th Session: “The new Pseudophysics: some models for magnitude estimation," by Dr. 
E. C. Poulton. “Brightness contrast," by Dr. P. Whittle. 


2nd-4th January, 1967. Annual General Meeting at University College London. 


1sl Session: "Selective inhibition of operant responses by chorpromazine: studies in the 
albino rat," by Dr. A. R. King.* “Acquisition and extinction response profiles in 
within-subject experiments involving discontinuous negatively correlated reinforce- 
ment to one stimulus and continuous reinforcement to another," by Dr. A. Amsel.* 
“Texture preferences and attachments of domestic chicks,” by Miss Ann Taylor* and 
Professor W. Sluckin. 


2nd Session: "Immediate memory for words and pictures in different Broups of children," 
by Dr. Beate Hermelin and Dr. N. O'Connor. “Visual-proprioceptive correspondence,” 
by Dr. D. Legge. ‘‘Human performance in low signal probability tasks," by Dr. P. 
Lucas.* 


96 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


i n Y He ential 
3*d Session: “An analysis of serial betting behaviour, by Dr. K. cn am 
effects in two-choice, forced choice psychophysical procedure, y Dr. i E 
“Speech interfering aspects of noises,” by Dr. J. C. Webster. ee us rep 
effects and identification of sets of signals," by Dr. P. M. A. Rabbitt. 


z 7 im. “The 
4th Session: “The Brook Reaction as a test of temperament,” by uio AO mam. N Bl 
role of selective perception in movement and movement after-effects,” by 
Dixon. 


"3 Çi “Time 
5th Session: “Exploration of a model of word storage,” by Mr. G. R. Kiss.* 
: series analysis of the EEG," by Mrs. Patricia Michie.* 


* By invitation. 


Committee, 1967: President: Professor J. Brown. 
Editor: Mr. A. J. Watson. 


i ittee: ji Treasurer), 
Ordinary Members of the Committee: Dr. R. Davis (Hon. rd 

Dr! B. M. Hermelin, Professor I. M. L. Hunter, Dr. D. pr 

(Asst. Hon. Secretary), Dr. P. M. A. Rabbitt, Professor R. L. Ri 


Professor J. R. Symons, Dr. P. H. Venables (Hon. Secretary), Dr. 
R. T. Wilkinson. 


The following have been elected into membership of the Society: 


M. Argyle, M.A., Institute of Experimental Psychology, 1 South Parks Road, Oed 
C. B. Blakemore, B.Sc., Department of Psychology, Institute of Psychiatry, Mauds 
Hospital, Denmark Hill, London, S.E.5. p dis... “HOS 
A. W. H. Bufiery, M.A., Ph.D., Unit for Research on Medical Applications of Psyc 
logy, 5 Salisbury Villas, Station Road, Cambridge. : 
B. Delisle Burns, B.A., M.R.C.S., L.R.C.P., Division of Physiolo, 
M.R.C. National Institute for Medical Research, Mill Hill. . A f 
P. Bryant, B.A., Ph.D., M.R.C., Social Psychiatry Research Unit, Institute © 
Psychiatry, Maudsley Hospital, Denmark Hill, London, S.E.5. . 
' J. J. Cowley, B.S.c., M.Sc., Department of Psychology, University of Aberdeen 


Aberdeen, 
F. IM Craik, B.Sc., Ph.D., Department of Psychology, 
Cr 


K. Gibbins, B.A., Ph.D., D 
Tyne, Sydenham Terrace, Newcastle upon Tyne, 2. 
M. S. Halliday, B.A., Ph. 7 


T sty of 
D., Laboratory of Experimental Ps ychology, University 9 
Sussex, Falmer, Brighton, Sussex. : en 


J. A. M. Howe, M.A., Ph.D., Department of Machine Intelligence and Perception: 
The University, Edinburgh. 

Susan D. Iversen, M.A., Ph.D., Ps 

Daphné Joyce, B.Sc., Ph.D., De 
W.C.1 


gy and Pharmacology: 


Birkbeck College, London, 


University of Newcastle upon 


ychological Laboratory, 


Downing Street, Cambridge 
partment of Psychology, 


Birkbeck College, Londo 
C. C. Kiernan, B.A., De 
D.J. Murray, M.A., Ph. 
Ontario, Canada. 


Helen E. Ross, B.A., Ph.D., D tment of P. iversi u 
T. Shah: Euer epartment of Psychology, The University, Hu 


D., rt t ; : à Gower 
Street, London, w.c., Pattment of Psychology, University College 


‘partment of Psychology, Birkbeck 


College, London, W.C-1- 
D., Department of Psychology, Qu 


een’s University, Kingston: 


Visiting Fi oreign Members: 


; Department of Co 
Dr J.C. Webster, 


THE QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


Vol. XIX 


Part Ti 


REHEARSAL GROUPING AND HIERARCHICAL 
ORGANIZATION OF SERIAL POSITION CUES 
IN SHORT-TERM MEMORY ` 


BY 
WAYNE A. WICKELGREN 
From the Department of Psychology, Massachusetts Institute of Technology 


Lists of 8, 9, or 10 digits were presented at the rate of 1 digit/sec. to subjects instructed 
to rehearse silently the digits in non-overlapping groups of 1, 2, 3, 4, Or 5 digits, after 
hearing each digit. Subjects were instructed not to rehearse any digits outside the group 
currently being presented. Rehearsing in 3’s was optimal, irrespective of list length. 
Both recall of items and recall of the correct positions of items improved from 1’s to 2’s 
to 3's. Recall of items declined very little from 3's to 4's to 5's, but recall of position 
declined Sharply. Errors in positioning digits tended, above chance, to be in the same 
group or the same position in a different group. The results suggest that both item-to- 
item associations and serial position-to-item associations are formed in short-term 
memory, that only two or three serial position cues are used, but that these serial position 
Cues can be hierarchically organized into a beginning, middle, and end group and a 

*&inning, middle, and end position within a group. 


INTRODUCTION 


What is learned by a subject who is presented with a list of items depends, in the 
final analysis, upon what he thinks about during presentation of the list, that is, 
Upon what internal representatives are activated in what sequence. If the items in 
the list are highly intelligible, the list not too long, the subject co-operative, and 
Instructed to attend to each item, it is reasonable to suppose that the internal 
Tepresentative of each item of the list is activated at about the time it is presented. 

the rate is fast enough (2 to 4 syllables a sec. or faster), this is very likely to be 
close to all that is activated, and in such cases the analysis of learning is vastly 
Simplified (e.g. Wickelgren and Norman, 1966; Wickelgren, 1967), though we are 
Still far from a complete understanding of acquisition, storage, and retrieval even in 

€se “simple” situations. 
_, However, when the list is presented at slower rates (z syllable a sec. or slower), 
it is introspectively clear that internal representatives are activated which do not 
Correspond to items in the list (partly by association to the internal representatives 
of one or more items on the list) and, furthermore, the internal representatives of 
Previous items on the list are activated after one or more subsequent items have been 
Presented (i.e. more than the present item is rehearsed). Under these circumstances, 
the analysis of what is learned (what. associations are strengthened) is a very 
difficult problem. 

One way to attack the problem is to attempt to control, by instruction, the active 
rehearsal process, If the instructional manipulation is effective, there should be 
differences in the rates and types of errors among groups instructed to rehearse in 
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different ways. Furthermore, the exact nature of these performance differences 
should indicate some characteristics of man’s active rehearsal and recoding capacities 
in list-learning tasks. ; : is the 

The present study is directed to one dimension of rehearsal strategy, namely, i 
size of the groups in which the subject rehearses a list. The concern is not w "s 
determining what grouping methods subjects will choose, but rather with i 
consequences for performance of adopting different grouping methods. The study 
is restricted to the rehearsal of non-overlapping groups of different size. This means 
that a subject is instructed to rehearse, after each item is presented, all previously 
presented items of the group to which the present item belongs. Furthermore, he 
is explicitly instructed not to rehearse items from any other group. Thus, if ke 
subject is rehearsing in 4's, after hearing the eighth digit of a list of 1o digits, he is 
to rehearse the fifth through eighth items of the list in order and no other items. 
When the ninth item is presented, he is to rehearse only that item (because now he 
is starting on the third group). 

Under ordinary circumstances when one says that he is grouping in 4's, he does 
not mean that he follows this rigid method of rehearsal. He means that he “thinks 
of the list in groups of four items each (four, four, and two in the case of a list of 
Io items). Under ordinary circumstances subjects rehearsing in 4's would not 
refrain from rehearsing a previous group while being presented with the second group, 
nor is there any reason to think this would be desirable for memory performance. 
However, it is very desirable for ease of theoretical analysis to control as carefully 
as possible the exact method of rehearsal, and this is the reason for doing it. 
Instructing a subject to rehearse in non-overlapping groups of four items induces à 
subject to “think” of the list in groups of four, whatever that might mean, and also 
provides explicit instruction regarding what is to be rehearsed at each moment. 
The hope is that the analysis of performance under different rehearsal instructions 
will suggest what it means to “think” of a list in groups of four. 


The present study is a replication, under slightly different conditions, of & 
previous study (Wickelgren, 106. 


3 4) which demonstrated the follow 
probability of correct ordered recall is greater for grouping in 3's than for grouping 
inrs2 2 oy or ripe while the increase in correct performance from 1’s or 2’s to 
3S 1s 1n both recall of items and recall of the correct osition of i i ist, 
the decrease from 3’s to 4’s and 5's is d posue n 
items, not the recall of items; and (c) errors in positioning items tend, beyond chance, 
to be in the same group or in the same position of a different group. The results 
Were interpreted as indicating tha S from serial position 
RE ee to items and that these serial 
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for each list length. In the present experiment, separate experiments were done 
using list lengths of 8, 9, and 1o digits to determine whether the conclusions of the 
previous study held for each list length or whether there was an interaction between 
rehearsal group size and list length. For example, it seems "natural" to group a 
list of eight items into two groups of four, a list of nine items into three groups of 
three, etc. 


METHOD 

On each trial a subject got a ready signal, followed in about half a sec. by a list of 
8, 9, or xo digits presented at the rate of 1 digit/sec., followed by 1o sec. in which to 
recall the list in order by filling in boxes on an answer sheet. There were three experiments, 
one using lists of 8 digits, one using lists of 9 digits, and one using lists of ro digits. 
There were no digits repeated in any list, so the lists of ro are essentially permutations 
of the ro digits, o-9. Within each experiment, subjects used each of the five different 
grouping methods (rehearsing in r's, 2's, 3's, 4's, or 5's), changing the grouping method 
every five trials. In every 25 trials subjects used each of the grouping methods once for 
five trials in a block, with the order of the grouping methods randomized. Furthermore, 
the subjects in each experiment were divided roughly in half and one half had the order 
of the grouping methods exactly reversed from the other half. 

Subjects were M.I.T. undergraduates taking psychology courses, who participated in 
the experiment as part of their course requirements; 23 took the length-8 lists, 24 the 
length-9 lists, and 30 the length-ro lists. 


RESULTS 


The data were analysed for ordered recall, item recall, and position recall of 
individual items in the list. An item is correct by an ordered recall criterion if it 
appears in the correct box on the answer sheet. An item is correct by an item recall 
criterion if it appears in any box on the answer sheet. The correct position recall 
Tate is obtained by dividing the number of items correct by an ordered-recall 
Criterion by the number of items correct by an item-recall criterion. Thus, item 
Tecall and position recall are statistically independent, and ordered recall combines 
these two factors into an overall score. This analysis was done separately for each 
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Size of rehearsal group 


i Effect of size of rehearsal group on ordered recall, item recall, and position recall, for 
Sts of 8, 9, and ro digits. ; í 
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j sal grouping method to permit comparison of perioranincn 
mu a stiethade by the Wilcoxon Matched-Pairs Signed-Ranks 
Sie average probabilities of correct ordered, item, and position recall for m 
rehearsal grouping method for each list length are shown in Figure r. Ww iiri 
agree in almost every detail with the previous study (Wickelgren, 1964). = on 
more, the efficacy of different grouping methods is remarkably invariant over di s E 
list lengths. Rehearsing in 3's is optimal regardless of list length, although it is r 
better than 4's for length-ro lists. Accuracy in both i 
increases from 1’s to 2’s to 3’s for all three list lengths. 
then declines from 3s to 4's to 5’s for all list lengths, 
length-ro. However, i 


; item recall remains roughly constant from 3's to 4's to 5's for 
lengths 8 and ro, and declines slightly for length 9. 


d recall (5 < oor for all three list 
lengths), in item recall (correct direction but insignificant for all three lengths), and 
in position recall (6 < oor for all three lengths). R2 — R3 in ordered recall 


; and position recall (o-or, O'OI, 0-05), 
To obtain more information about the curvilinear relationship between size of 


but recalled in the Wrong positio: 
categories, Within-group errors refer to 
Correct Broup, but at the Wrong position within the group. 


ed in the Wrong group, but in the Correct position within the 
Broup. Other errors refer to items recalled 
within the group. 


F To obtain an independent m € of the relative frequen 
Within-position errors for iti 


of each type 
In order to determine if 
“position errors Was affected by 
ive frequency of each type 

quency computed for a 
bene Dr. Computation of the m 
zes breakin 14 i e 
With which it is being compared, j SHE filis TONS 


I presents the r ithi 
l its quency of within-gro 
oe In each condition for each list length and the URS 


relative frequency in Rr involy 
ondition 
able 


up and within-position 
ble relative frequency in 


i the Position within a group. As in the 
y to make within-group errors increases with the number 
o make Within-position errors increases 


i ; ° completely replicated, Subjects appear 
appears to be no si d i Pr nd changing rehearsal set, Furthermore, there 
of dividing a list of T d tote Performance of the greater “naturalness” 
into two groups of five. Into two 8TOUDs of four or of dividing a list of ro items 


GROUPING AND SERIAL POSITION CUES IN STM IOI 


TABLE I 
Errors IN POSITIONING ITEMS 


EE EC -———c——————Á— ÁPA-————— 


| Within-Group/Other Within-Position/Other 
| Comparable Comparable 
| List Error ratios error ratio Error ratios error vatio 
Condition length in R2 to R5 in Rr in R2 to R5 in Rr 
R2 8 0:66* 0:47 ri-g** 0:53 
9 0:49 0:49 155 ** 0:65 
10 O'5I 0:46 ere 0-81 
R3 8 o-7I 0-80 0-62 0-22 
9 I:18** 0:03 1:04** 0:37 
IO 1:30* o:88 I:28** 0-30 
R4 8 2:19 1:58 O:21 O-12 
9 1:99** 1:40 0:33** 0-20 
10 1:57* III a na org 
R5 8 2:99** 1:54 o-12* 0:03 
9 2:02* 1:74 o-19** 0:05 
IO 2:96** 1:96 0:25* O-I5 


Note. Error ratios in R2 to R5 that are significantly greater than the comparable error 
ratios in R1 are indicated by asterisks (Wilcoxon Matched-Pairs Signed-Ranks test). 

* p < 0:05. 

** p < 0-01. 


Discussion 


_ lfitem-to-item associations were the only memory traces mediating performance 
in immediate memory tasks, one would expect performance to improve with 
Increasing size of rehearsal group. This is because the ratio of the number of 
strengthened item-to-item associations to the number of rehearsed items becomes 
Progressively more favourable with increasing size of rehearsal group. Furthermore, 
there 1S no reason to expect significant numbers of within-position errors, if item-to- 
item associations are the only associations mediating immediate memory performance. 

Thus, there is reason to believe that serial position-to-item associations are also 

Contributing to correct memory performance in this situation. In addition, it is 
necessary to assume that these serial position cues can be hierarchically organized 
into a “beginning,” "middle," and “end” group and a "beginning," "middle," and 
‘end” position within a group. Such a theory gives a satisfactory intuitive 
explanation of why there is an optimum size of rehearsal group. The explanation is 
as follows: when either the number of positions within a group or the number of 
Stoups gets too high, the mapping from serial position cues to items becomes too 
ambiguous, assuming that humans possess only a finite number of serial position 
Concepts. 

Because the optimum rehearsal group size was three in the present experiments 
the indicated number of different serial position concepts is in the neighbourhood of 
three, Because of the possibility of defining one serial position concept (e.g, "middle") 
by exclusion, the possibility of using remote serial position-to-item associations, and 
the availability of item-to-item associations, it is at least equally likely that hens 
are only two serial position concepts used by humans in this situation (“be inning" 
and "end"), as that there are three serial position concepts. A ve ng 
formulation of the theory is needed to settle such a question. precise 
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The present results should not be int 
cues are the only cues mediating short- 
intrusions" found in other studies (Wic 
the existence of item-to 
decline in item recall fro 
factor which is im 
tions. 


erpreted as indicating that serial position 
term serial list-learning. The “associative 
kelgren, 1965, and 1966) argue strongly for 
"item associations. Furthermore, the relatively negligible 
m 3's to 4's and 5's suggests the existence of a compensating 
proving with increasing group size, namely, item-to-item associa- 


Available evidence indicates that both serial position-to-item associations and 
item-to-item associations are strengthened 


by presentation of a list and that both are 
used in retrieval from short-term memory. 


Finally, it is worth noting that the associative-memory conception of serial- 
position information is completely compatible with the Simultaneous use of item-to- 
item information. Non-associative memories, in which serial position is easily 
represented by an ordered set of locations, are not very easily adapted to make 
simultaneous use of item-to-item information 
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Using stimulus material drawn from a single category, it is shown that formal 
recognition tests yield superior performance to recall when the category cannot be 
completely enumerated by the subjects, but not otherwise. Furthermore, within these 
categories recognition is superior only if unfamiliar items are selected as stimuli. These 
findings fit the theory that when recalling subjects attempt to scan the relevant category 
and “recognize” those items employed as stimuli. 


INTRODUCTION 


As Tulving (1964) has noted, in most laboratory free recall learning experiments 
the stimuli are not being learned, since they are already known; instead, the subjects 
are merely required to link them with a specific experimental situation. In these 
experiments performance is positively correlated with the degree of prior familiarity 
of the stimuli (cf. Poulton, 1957; Underwood and Schulz, 1960). Particularly 
relevant to the present investigation is the observation by the writer that this is true 
when all stimuli are drawn from a single category. In a recall test, items which were 
frequently given by similar subjects when required to list the complete category were 
commonly recalled correctly, whereas items rarely listed were less readily remembered 
(Dale, 1967). : ce 

The present study examines the possibility that this facilitatory effect of 
familiarity arises during retrieval. It is hypothesized that when retrieving the 
Subject attempts to scan all members of the category or categories from which the 
Stimuli have been drawn. He then endeavours to identify the stimuli. This is 
equivalent to asserting the subject converts the recall test into a recognition test in 
Which he generates his own distractors. " 

According to this view, successful retrieval of a particular item can only occur 
when two conditions are satisfied : 


(a) the item is included amongst those scanned, and 
(b) itis successfully identified when scanned. 


Familiarity could possibly affect the probability that an item is amongst those 
available for scanning and in this way influence performance. If this is so, the effect 
of familiarity could be eliminated by using a recognition test in which the complete 
Set of category members is used as the array of recognition alternatives, A number 
of predictions can be made if familiarity contributes in this Way: (1) the degree of 
familiarity of a stimulus would not be correlated with its probability of successful 
Tecognition; (2) recognition performance would be superior to recall with unfamiliar 
Stimuli but not with familiar stimuli (since the latter would be scanned in recall); 
(3) with categories in which all items are familiar, recognition would be no better 
than recall. 

Davis, Sutherland and Judd (1961) have reported an experiment which lends 
Support to the third prediction. Using a list of 15 two-digit numbers as stimuli 


* Now at Department of Psychology, University of Hull. 
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they found that with an immediate test, raw free recall Scores were as e aln 
recognition scores with a complete-category recognition test. This A ie 
possibly have depended upon the particular conditions employed. ep 


5 ó 8 e f 
investigation began, therefore, by repeating this experiment under a wider range o 
conditions. 


EXPERIMENT I 
Method 


; " z : a 
Procedure. All conditions consisted of a single presentation of a list Pee 
single retention test. Retention was measured either by free recall or ya " cem 
category recognition test, Subjects Were tested in Broups of from 8 to go an E ves 
Were always split, alternate subjects being given recognition tests while the rer 


3) mode of presentation, visual or auditory, With 
i (Io in. x 24 in.) cards from 2:5 in. 
i Stacked and flipped over. eer 
Y T ld by the experimenter for 5sec. with a r Sec. interv 

E Sede mh mh. Wie) military pris uin each stimulus was read aloud 
digit numbers used as stimuli were presented in 
* 42, IT, 83, 95, 26, 58, 97, 50, 32, 36, 13, 28, 33, 51. 
» 36, 13, 28, 33, II, 32, 83. In the recognition 


Forty fresh Subjects were used with each condition, 20 having a re 
Tecognition test. Aj subje 


call test and 20 a 
cts were young, newly-enlisted, men, 


Resulis and discussion 
Mean raw scores together with the mean total number of responses are tabulated 
in Table I. The main results of an analysis of variance on an arc-sine transformation 


TABLE I 
MEMORY FOR 1 5 Two-Diair NUMBERS SHowInG MEAN Nump 


ER CORRECTLY RECALLED 
OR RECOGNIZED (S) AND THE MEAN 


: Torar NUMBER or Responses (T) 
(20 subjects per Observation) 
Order x Order 2 
Time of — P ode of Recall Recognition Recall Recognition= 
test Presentation ation S T S PI g F S T 
ee 
Immediate ,, Rapid (60/min,) Visual 6:85 Iros | 716 TOS | Fito [ dez 2 13:45 
Slow (1o/mi, Auditory | 5.55 1295 | 5:2 | xis G30 | ireo | 338 SER 
o/min.) Visual 285 | 1340 | doo 1263 | moo. | xo 875 1430 
A i i uditory | 8.63 IOS | 3-85 1530 | 8-75 I215 | 9-20 14°05 
eo min. | Rapid (60/min.) Visual 6:10 11-30 6: : 
P Slow ( " Auditory 4°60 azn Gap ree HE ee ie 1335 
10/min,) Visual | irs Bro | 343° | geo 38 | 422 | BE 
Auditory 3 10 i 8-60 13°65 8:60 $ 
14°80 


; ~ 0025), and Tx R x O (p < 0-025). 
d avanta i Was obtained despite the fact 
. Ore rm ith the 
than in recall, but th €sponses were made wit 


— 


a 
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of conditions. Thus it has been shown that when a category is completely known a 
> Tecognition test offers no advantage over recall. 

The second experiment to be reported examines the other two predictions, 
namely that when the stimuli are drawn from a category in which the members are 
not all highly familiar: (1) differences in familiarity will affect the probability of 
recall, but not that of recognition; and (2) recognition will be superior to recall if 


unfamiliar stimuli are used, but not otherwise. 


EXPERIMENT II 


In this experiment the recall-recognition comparison was made for a sample of 

English County names. Although the English Counties would generally be known 

by the subjects, it is unlikely that any subject could enumerate the category com- 

pletely. To check this supposition a preliminary test was carried out on a separate 

1 &roup of 86 subjects who were not used in the subsequent memory tests. All subjects 
Were drawn from the same source of young newly-enlisted men. 


Method 

Assessment of background knowledge. Eighty-six subjects were requested to list all 
the English Counties. They were tested in groups of from 10 to 30 and were unaware 
both of the time which would be allowed (1o min.) and of the total category size (40). 
The mean number of Counties listed by each subject was 19:99, S.D. = 5-45. The 
number of subjects listing each category member is given in Table II. 


TABLE II 

Tue FREQUENCY WITH WHICH EACH County WAS LISTED 
"Hampshire T" T 8o **Gloucestershire .. m 39 
* Yorkshire E sx 79 **Leicestershire EE ss 37 
Berkshire es s 7 Northamptonshire a 36 
**Lancashire a sa 75 Rutland . Ea are 36 
Devonshire RA » 72 **Cambridgeshire .. m 35 
*Essex | f Bi 68 **Cheshire .. ss sis 35 
Sussex |. ‘© e 68 **Cumberland m T 34 
"Cornwall . : i 64 Suffolk  .. id v 34 
*Kent "NN Mi : 61 Dorset... 3 T 32 
**Derbyshire e ni 58 Wiltshire .. " ke 30 
*Middlesex es x 55 Worcestershire .. v 30 
“Surrey |. U 54 Buckinghamshire 2 26 
**Lincolnshire $ * 53 *Shropshire we " 26 
2" Nottinghamshire f " 2 **Staffordshire T x 26 
Somerset 2c g *Hertfordshire — .. ne 25 
Warwickshire | à ui 47 Bedfordshire «i c 2I 
Northumberland = 43 Herefordshire... " 17 
*Norfolk .. A i 39 *Westmorland E = I5 
Oxfordshire px A 39 Huntingdonshire " 8 
Durham 39 Monmouthshire .. " 7 


hk 
* Used in List 1. 


** Used in List 2. 


Memory tests. Two samples of r2 County names were used as stimuli, They are 
Marked with asterisks in Table II. With each list, two orders of presentation were 
employed, one being the reverse of the other. On the recognition test paper all 40 Counties 
Were printed in alphabetical order. The sheet did not carry a guessing instruction, 
The general conditions paralleled those of Experiment I. During the 3 min. retention 
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test the subjects were reminded that 12 English County names had been presented. 
640 fresh subjects were employed. 


Results 


the regression of performance upon familiarity. The regression coefficients ig 
generally positive for recall and zero for Tecognition. The results of the analysis o 
variance show that this difference is highly significant (cf. Table IV ). 


AW RECALL AND 
ERE / — B/S.E., B BEING 
NSE AVAILABILITY WITH List POSITION 


(Each mean is based upon 20 Subjects' responses) 
List 1 | List 2 
Rate Mode 


Time of of Recall Recognition | Recall | Recognition 
resenta- | presenta- | 
e |? tion | P en Score | Total | 1 Score | Totat | q | Score | Totat| 1 | Score | Totat| : 
Rapid Visual | 8-40 | 930] +080 2°85 | 10-95 | —o-so $45 | 770 | +336 9'05 | 11:60 
iate | (0°/min.) | Auditory 775 | 9°85 | +0:33| 855 7875 | t ro1| 7-65 | 9-95 | 115 9°05 | 11-60 
Immediate — 1 
Slow a Visual 9°60 | 10-10 1971 | 1020 | 11-50 1994| 795 | 850 Tr32 1045 | 11-85 
(1o/min.) Auditory 9°85 | 10-60 #423) 9-40] 11-85 +139 | 8-35 8-95 | +105 10°75 | 11-65 
Rapid Visual | 7-09 8:25 | +180] 78o| i: 3°| —008| 6:05 | 8-10 +143! 87. 
i s " - rr " *3o| —o« ^ " » 75 | 12:05 | - 
After (60/min, Auditory | 5. 22 "| Ej 7 : " Ac) "a ^ 
d ) TY | 715 | 9:30 | +4-2 775 | 1185 | +022 | 6-40 795 | +191] 820 11:95 
delay Slow H Visual 8-10 9°05 | --r81| 9:65 | 12°00 | —0:82 | 8-55 9'55 | -- r:32 10°40 | 11:75 
(10/min.) Auditory | 9-00 9°80 | -- 3:38 9°90 | 1200 | -- 2-313 8°85 | 9-85 | #221 | 1015 11:90 
t 
Overall mean | 836 | 9:53 8-89 | 1165 | _ | 753 | 8:79 | = | o6 
* Where £ > 2-09, p < 0'05; 
t> 285, b < oor. 


Y with List 2, which 
€ Counties in List 1 
not great. The relevant means 


. H I ] i E i 
pudet (b> 9-IO), but Bis v" dew vhs 
only with Poorly known cat 
Experiment (Dale, 1966). E suis E 


This difference is not 


3 d ; g : 
ng retrieval Subjects scan throws retrieval, T hey concord with the 


ugh the category 
i 


tests in Which the complete category is 


A 
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listed are of no advantage if the category is completely known (Experiment I), but 
do enhance performance with an imperfectly known category. Thus the array of 
alternatives on the recognition test supplements the subjects’ internal list and is 
beneficial when this list is incomplete and where internal scanning would therefore 
be imperfect. 

The regression analyses can be interpreted as supplying supporting evidence for 
this theory. Differences in familiarity between items within each list affected recall 
performance as indicated by the significant positive regression coefficient (cf. 
Table IV). They did not, however, affect recognition. Thus unfamiliar items were 
relatively unlikely to be recalled, but were just as likely to be correctly recognized 
as familiar items. 


TABLE IV 
SUMMARY or ANALYSES SHOWING MEAN VALUES WITH SIGNIFICANCE LEVELS AND THE 
REGRESSION OF PERFORMANCE ON RESPONSE AVAILABILITY 
(Based upon split-plot analyses of variance on arc-sine transformations of the raw scores) 


ee eS ee ea oe d 


Counties—raw Counties—regression 
scores coefficients 
Num- ; 
bers Signifi- Signifi- Mean Signifi- 
Comparison| Mean cance Mean cance values cance 
| 
Measure (M) ..| Recall 7234 N.S. | 8-006 |p «c o'oor +152 | p — ooi 
- Recognition| 7:225 9:247 — 0:03 
Test (T) ..| Immediate | 7:650 |p « ooor| 8-897 |p < oor +030 |p «oos* 
Delay 6:809 8:356 t 1-19 ' 
Presentation (R) Rapid 6:022 |p < oooi| 7806 |p «oor To85 N.S. 
rate Slow 8437 9:447 +064 
Mode of (P) | Visual | 7622 |p<oœoor| 8516 | N.S. 155 oe 
presentation Auditor 6:8 8:737 Tis - 
Order (O) $ I s non p < 0025 HER N.S. --rorf N.S. 
2 7437 8-569} +048} 
S eee eee ST o 


* Effect entirely due to recall data. —— 
t Here the numbers 1 and 2 refer to Lists 1 and 2, not order. 


Additional evidence that when retrieving the subjects scan the complete category 
from which the stimuli are drawn is provided by a previous investigation. In this, 
two-digit numbers were used as stimuli. Analysis of the order of recall showed a 
tendency for Subjects to write out their responses in ascending order even though 
no such ordering was employed during presentation (Dale and Baddeley, 1966). 

In both experiments of the present study and also in the Dale and Baddeley 
experiment the stimuli were all drawn from a single category and the subjects were 
reminded during the test what that category was. It is possible that an internal 
Search process would only occur in these special circumstances. A more general 
Viewpoint which fits the available evidence is that recall can be regarded as problem- 
Solving. The subject combines information from his memory traces with any other 
information provided by the experimenter about the constraints that exist in the 
experimental task. Where the stimuli are all from a single source and the subjects 
are reminded of this, then their problem is to match up their relevant memory traces 
aS best they can with items known to be in the category of stimuli employed. In 
Other situations the subjects will have to employ different clues. 

In many studies in which recognition and recall performance have been compared, 
the recognition tests contained a very limited number of distractors so that the subject 
could achieve a relatively high score by guessing. When the number of distractors 
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: SIE Jone- 
is large, as in the present experiments, the value of guesswork a m fo ra 
E it could have had some effect upon performance. In d ha e e 
of 12-2 responses were made per subject = recall — oe x br p 

"hi n number of correct responses 72. a 
Lo ike correction to these data it is assumed that in sui Sone 
Subjects should score 72 with 12 responses plus the score to be pier, d = bam. 
additional, random guesses. The expected increase in this case w EE me: rf 

‘20 items. Similar calculations applied to the Counties. data o =xpe oie 
yen 5 items with List 1 and 0:40 items wi 
because of poorer recall performance. 
n of guessing correction: (x) where 
all, i.e. with List 2 of Experiment II, 
ssing correction ; (2) in all other con- 


> 


that recognition would have yielded 
€ array had been smaller, cannot be 
l experiment was run in which the 
Thus the number of stimuli and the 


and 10:03, respectively. 
of Experiments I and II 
essing must therefore be 


he difference between the results 
size of the array and hence to gu 
abandoned, 


.) who encouraged and con: 
- D. E. Broadbent who first suggested that familiarity 
- Baddeley and Dr. M. Sheldon kindly commented upon 
Thi an, and A. J. Hull, for help 
Stical analyses and data Processing. Dr, p, Yates ki 


i tes kindly carried out one analysis 
with the computer of the Rothamsted Experimental Station. 
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SHORT-TERM MEMORY AS A FUNCTION OF INPUT 
MODALITY 


BY 


SUSAN A. MARGRAIN 
From Department of Psychology, Birkbeck College 


. The two experiments reported are concerned with short-term memory for digit lists 
Simultaneously presented both auditorily and visually. Results showed (1) that inter- 
polated written and verbal recall differentially affect retention depending on whether the 
to-be-recalled list was presented auditorily or visually. (2) That input modality appears 
to be far more important for recall than was directing subjects' attention to a list during 
input, when that list might or might not have been subsequently required for recall. The 
results suggest that short-term storage is modality specific. In this case, Broadbent's 
P and S mechanisms do not adequately describe what happens during simultaneous 
visual and auditory presentation. Nor would Sperling's suggestion of a final auditory 
Store appear to be supported. 


INTRODUCTION 


Experiments have tended to show that auditory short-term memory is somewhat 
superior to visual. Broadbent (1956) found that 92 per cent. of six-digit auditory 
lists were correctly recalled but only 60 per cent. of similar visual lists. Buschke 
(1962), using simultaneous visual and auditory presentation reported that approxi- 
mately 17 per cent. more repetitions of previous auditory items were recognized than 
previous visual items. Murray (1965) showed that at fast speeds vocalization 
increased recall of eight-consonant lists above that from simple reading; though 
more recently Murray (1966) has himself questioned this. 

These results and further work using visual material (Averbach and Coriell, 1961; 
Averbach, 1963) led Sperling (1963) to postulate separate visual and auditory stores, 
although he suggests that visual material is immediately translated into subvocal 
input to the auditory store. Conrad (1962, 1964) supports this view. He found that 
errors occurring after visual presentation substantially involve acoustic confusions. 
However Neisser (1954) found that preliminary visual study of words facilitated the 
tachistoscopic recognition of them without increasing the recognition of their homo- 
nyms above new words. This suggests that effective visual storage occurred even 
though verbal response was required for recording all words. 

Results from simultaneous presentation of visual and auditory material also 
suggest separate storage. Broadbent and Gregory (1961), after an earlier experi- 
ment by Moray (1960), agreed that under conditions of fast presentation digits 
alternately presented to either ear could pass through the P mechanism in the order 
of presentation but when alternated between ear and eye, they could not. They 
suggested that this supported Broadbent's original model involving his P and S 
mechanisms for simultaneous presentation; but it could be taken simply as demon- 
strating separate storage and not the kind of stores which might be involved. 

Experiment I was designed to determine how far visual and auditory Storage 
might be separate, using different orders and methods of interpolated recall after 
simultaneous visual and auditory presentation, Verbal recall of a visual list before 
recall of an auditory list, should damage recall of the latter to a greater extent than 
Previous written recall of a visual list. This might also be expected on a theory of 
Similar storage for both kinds of list. However, if storage was separate, written 
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recall of the auditory list before the visual list would damage the latter more than 
verbal recall of the auditory list. In this event one might ask how far Broadbent s 
model explained what happened during simultaneous visual and auditory presentation. 

In Experiment 2 a more direct study was made of the kind of separate storage 
that might be involved during simultaneous visual and auditory presentation. By 


modality, should be greater than the di: 
If results showed the opposite, then se 
more relevant explanation. 


Method 


f L pe recorder was used for simultaneous 
Presentation of visual and auditory four-digit lists at a rate of one pair of digits per sec.; 


nd groups i 
Separate parts of the test. iuis pea 
four different e i 


^ ` 6 
IL Spoken AUAM v. kal. SO 
=e t. E jos: 5 *08 
III. Spoken TREE MP LE E 
IV. Written "m Vi j le. 98 M LUN 


Critical differe; 


5 nce (p < 0°05): r. 


= list Presented auditorily, 
= list Presented visually, 


o4. 


SHORT TERM MEMORY AND INPUT MODALITY III 
Results 


A list was scored as correct if all digits were present in the correct order. Table I 
shows for each condition the number of lists correct out of six. 


Results can be summarized as follows:— 


(a) Delayed recall of visual lists was poor compared to delayed recall of auditory 
lists regardless of the recall method, even though both immediate recall 
conditions were similar. This supports the view that auditory retention is 
superior to visual in the short term. 


(b) Although for auditory recall, conditions 3 and 4 are not significantly different, 
eight out of 12 subjects found more difficulty when recall was spoken. 
Although the difference is small, there is a tendency for interpolated spoken 
recall to damage auditory retention more than written interpolated recall. 


(c) For the visual lists there is a significant difference between groups I and 2. 
This suggests that visual and auditory processing might be separate. 


Furthermore it is counter to Sperling's suggestion that visual material is 
translated and stored in the auditory store, when one would have expected 
auditory interpolation to cause greater interference. 


(d) The effect of the two interpolated recall methods, was different according to 
whether the recalled material was visually or auditorily presented. On 
Broadbent's model one might have expected interpolated auditory activity 
to cause more damage to both kinds of material if one assumes that it would 
have prevented rehearsal to a greater extent than did interpolated 
written activity. 

One disadvantage of this design was that since the subjects knew the order of 
recall beforehand, they could form a set to recall in the order given. They were also 
free to choose which list they would attend to during presentation. In Experiment 2 
only one list was required for recall, and subjects did not know which list it would 
be until after presentation. Furthermore by requiring subjects to speak or write one 
or other of the lists during presentation it was possible to manipulate which list the 
Subject attended to, ie. in Broadbent's terms: which list was sent immediately 
into P during presentation. For Broadbent's model to be supported passage through 
P during presentation, whether in visual or auditory form, should always result in 
better recall than when either list was not repeated (held in S). Therefore since 
verbal repetition would make the visual items effectively auditory, written repetition 
and spoken repetition were respectively required. 


EXPERIMENT 2 
Method 

Materials and abparatus. The tape recorder and methods of list presentation were 
similar to those in Experiment 1. In addition a device was used for some conditions to 
permit subjects to write down a response during presentation, whilst preventing them 
from rereading the material they had written. Another tape recorder was used to record 
subjects' final recall attempts. f ; 

‘As in Experiment 1 simultaneous visual and auditory lists were presented, in addition 
these were spoken or written concurrently with presentation, to give four main conditions. 
Each of these main conditions was further associated with recall either of the list presented 
auditorily (A) or of the list presented visually (V). Each of these eight conditions included 
a three- four- or five-digit list presented at 1 digit/sec., and the whole test contained a 
replication requiring in all 48 lists. — 

Presentation procedure. The 48 lists were presented in four groups of 12 lists each. 

ether the list was written down or verbalized depended on an ABBA sequence within 
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these four groups. Subjects rested for a few minutes between each group. The Wins 
main groups were subdivided into two groups of six lists each. For one group of oa s 
visual digits, and for the other group of six the auditory digits, were all verbalized o 


written down during presentation. The four conditions were counterbalanced to control 
for fatigue and practice effects. 


Recall procedure. At the end of each list the experimenter said “heard” or “seen” 
indicating which list was required for recall. The two types of list were recalled randomly 
using a different order for each subject. 


Results 


Lists were scored as in Experiment r. The main results, showing for each of the 


eight conditions the mean number of correct lists per subject (out of two) are shown 
in Table II. 


Table III shows the differences between conditions for combined list lengths. 


TABLE II 


Lists (ovr or Two) CORRECTLY RECALLED WHEN PRESENT. 
REQUIRED ARE VARIED 


~ a 


ATION MODE AND LIST 


Experimental conditions 
- 3-digit 4-digit 5-digit Combined 
Presentation Recall lists lists lists lists 
cA = 
I. Speaks A Reports A 2:0 1:88 I:13 1:67 
2 5m N p ux 1:13 I'o 0:25 0:79 
à » $ 5 1 1:63 O13 oo 0°59 
. ” yi 1:75 Io 0:38 "04 
A Writes V c M 1:50 0:50 He ave 
^ 5 á » My 0°50 0:38 oo 0:29 
ü pps yp À 2:0 2:0 I:13 1:71 
Critical difference dis e 5 SE 138 d 
0:85 0:85 0:85 0:39 
TABLE III 


DIFFERENCES BETWEEN 


CONDITIONS FOR COMBINED Lisp LENGTHS 
Conditions 
i -—— 
3 ¢ | os 6 7 
S 0:88 I-08 0-63 0:96 1:38 0-06 9:09 
0:20 0:25 0:08 0-50 0:92 0:88 
Condition 3 0-45 O12 0:30 I2 1:08 
1 933 | o75 | o67 | o63 
P 0-42 I-00 0:96 
E 1-42 1:38 


0:06 
Critical difference (p< 0°05) 


+039. Italics indicate significant differences. 


The results show that wh 
m e n ; " z 
TT ae x quedam Involved auditory stimulation recall was 
one condition in the thr 3 


E ual stimulation was involved except for 
€e-digit list. Even when the visual list was written during 
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presentation the auditory list did better. The difference between visual and auditory 
recall conditions is much larger than that between lists that were written down 
during presentation and those that were not, although these were the lists that 
gained more attention during presentation. This suggests that separate storage 
during simultaneous visual and auditory presentation is more likely to be modality- 
specific than to depend on Broadbent’s P and S mechanisms. i 

When the visual list was verbalized during presentation, recall was the same 
whether the recalled list was A or V. As suggested earlier this probably made the 
visual list effectively auditory. Furthermore presentation largely involved staggered 
"simultaneous" presentation of two auditory lists since subjects' verbalization came 
between the auditory stimuli. As Moray (1960) showed, auditory lists presented 
like this could be dealt with simultaneously even at this rate of presentation. 


Discussion 

The results of both experiments confirmed those of Broadbent (1956), Buschke 
(1962) and Murray (1965); i.e. auditory retention is superior to visual at least for a 
series of items over the short term. The similarity of these results under different 
presentation procedures also tends to reject the likelihood that superior auditory 
retention in this experiment was due to unequivalence of stimuli. Indeed Hunter 
and Sigler (1940) showed that visual recall was not improved by increasing the 
brightness, contrast and sharpness of a legible display. 

The results of Experiment 1 also suggest that there may initially be two short 
term stores: one for visual material and one for auditory, since interpolated activity 
of one kind damaged the retention of earlier material of that kind, more than material 
of the alternative type. This occurred for both visual and auditory retention. On 
this modality-specific storage theory interpolated visual material could only enter 
and overload the visual store, and interpolated auditory material the auditory store. 
Any inter-modality interference could be explained by postulating as Mackworth has 
done (1963, 1964) that the total amount of attention is limited, and some was diverted 
during the presentation of interpolated material away from the critical store. 

Results from Experiment 1 also indicate that separate visual storage may not 
be as temporary as Sperling (1963) suggested. On his model interpolated auditory 
activity should have damaged both visual and auditory retention, more than inter- 
polated visual material. Compared to interpolated written recall, it is perhaps 
surprising that interpolated verbal recall was not more damaging to auditory retention 
than the results show. 

Since results from Experiment 2 show that the difference between visual and 
auditory recall was much greater than that between lists repeated during presentation 
and lists not repeated during presentation, separate storage during simultaneous 
stimulation again seem more likely to be based on input modality, than on Broad- 
bent's P and S mechanisms. As subjects were obliged to respond to both channels 
at different times the results cannot be explained by suggesting that the auditory 
list always gained access to P during presentation. Results show that when the 
visual list should have passed through Broadbent's P system, it was retained no more 
efficiently than when held in S for up to 6 sec. In fact the unrepeated auditory list 
did much better than the repeated visual one. : 

As expected when both lists involved auditory presentation (visual list verbalised) 
both did almost equally well. Broadbent's revised model (Broadbent and Gregory, 
I961) could account for this. However, on the revised model one might have expected 
equally good recall from simultaneous lists that both involved visual stimulation 
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(auditory list written down during presentation) on the same principles as for simul- 
auditory lists. 
Eo Er od in effective storage over time for the two proposed stores reflects 
differences in function. Visual material is usually presented in displays of simul- 
taneous items which are quickly resolved and replaced. Long-term retention is Rot 
required but spatial resolution is. On the other hand presentation of anion 
material requires time before comprehension is complete. Consequently the auditory 
store must be more efficient over time 


The experiments in this paper were carried out as part fulfilment for a Ph.D. degree 
(thesis now at University of London Library, 


vision of Dr. J. Brown, supported by a grant from D.S.I.R. The author would also like 
to acknowledge the kind assistance of Dr. R.C i 
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APPARENT TILT AND KINAESTHETIC AFTER-EFFECTS IIS 


EFFECTS OF VARYING THE APPARENT TILT OF THE 
INSPECTION FIGURE ON A KINAESTHETIC 
AFTER-EFFECT 


BY 
R. OVER 
From the Psychology Department, University of Otago 


Three experiments were conducted to determine whether kinaesthetic after-effects, 
measured by settings of a bar to the horizontal, are controlled by the apparent or the 
Physical tilt of the bar during inspection. Two arrangements were used to induce a 
discrepancy between apparent and physical tilt. Data obtained with one arrangement 
did not permit a proper test of the issue. With the other arrangement either distorted 
9r undistorted visual information about tilt was present during kinaesthetic inspection. 
It was found that post-inspection settings were displaced from pre-inspection settings in 
the direction of the tilt of the inspection figure when there was no discrepancy between 
information presented by the two modalities. When there was a discrepancy, the 
displacements attributable to apparent tilt were in the direction opposite to the apparent 
tilt of the inspection figure. The former effects dissipated rapidly after inspection; the 
latter did not. It is suggested that after-effects obtained following an inspection period 
during which there is no discrepancy between physical and apparent tilt are controlled 
by the physical tilt of the inspection figure and that apparent tilt, when it is an effective 
variable, operates by modifying the judgemental frame of reference. 


INTRODUCTION 


The present experiments consider whether kinaesthetic after-effects, measured 
by requiring the subject to make judgements of tilt, are influenced by the physical 
or by the apparent spatial properties of the inspection figure. A number of studies 
(cf. Sutherland, 1g6r) have asked whether visual after-effects involving size judge- 
ments are controlled by the apparent size of the inspection figure. Two types of 
stimulus arrangements have been employed. Either the inspection figure (IF) and 
the test figure (TF) have been of the same physical size but at different physical 
distances from the subject, or IF and TF have been unequal in physical size but 
have subtended equal visual angles. It has been argued that in the former case IF 
and TF are equal in apparent size but unequal in retinal size, while in the latter case 
they are unequal in apparent size but equal in retinal size. The relative effects of 
the two classes of variables have been determined by contrasting the judgements 
found with the two arrangements. The results from experiments which have 
employed this design are not unequivocal; a summary and discussion of many of 
the studies is provided by Sutherland (1961). : 

Gibson (1937), Gibson and Backlund (1963), and Day and Singer (1964) have 
Teported a kinaesthetic after-effect which involves judgements of orientation. 
Following kinaesthetic inspection of a bar tilted 15? in a clockwise direction from 
the horizontal, a bar which is physically horizontal feels to be tilted about 5° in an 
anti-clockwise direction. Judgements of orientation made before and after 
IDSpection do not differ when the bar is physically horizontal during inspection. 

9 determine whether kinaesthetic after-effects are controlled by the apparent or 
the Physical tilt of the bar during inspection it is necessary to arrange experimental 
Conditions such that the bar, when at a given physical tilt during inspection, either 
its to the subject to be at that tilt (same physical and apparent tilt) or feels to be 

Some other tilt (different physical and apparent tilts). 
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EXPERIMENT I 


An intersensory conflict situation is used in Experiment I to provide the em F 
conditions. When visual and kinaesthetic information differ it has been + 5 
(Gibson, 1933; Rock and Victor, 1964; Over, 1966) that judgements of n 
spatial properties of an object are controlled by its visible spatial pom oe 
if a subject is required to move his hand across a horizontal bar while viewing ne g : 
prisms which make the bar look to be tilted 15? from the horizontal, he reports th 5 
the bar feels to be tilted in accord with its visual tilt (Over, 1966). By these eps 
it is possible to present, during inspection, a bar which is physically horizontal bu 
which looks and feels to the subject to be tilted 15? from the horizontal. If a 
effects are controlled by the physical slant of IF, settings made in the absence o 
vision after inspection should not differ from those made before inspection. If, 
however, after-effects are controlled by the apparent slant of IF, a difference should 
be found between post- and pre-inspection settings. The displacement should be 
in the direction of the apparent slant of IF. It is also possible to arrange conditions 
such that a bar which is physically tilted 15° from the horizontal looks and feels to 
be horizontal during inspection. Table I sets out the differences between post- and 
pre-inspection settings expected by the "apparent tilt" and the "physical tilt 
hypotheses for this and the earlier condition, as well as for the conditions where 
visual information is either not available during inspection or does not conflict with 
kinaesthetic information. These latter arrangements constitute the control con- 
ditions of Experiment I;itis assumed that there is no difference between the apparent 
tilt and the physical tilt of IF under these conditions. 


TABLE I 


PREDICTIONS FROM THE "APPARENT TILT” AND THE 
“PHYSICAL TILT” HYPOTHESES 


Inspection condition “Apparent tilt’ hypothesis “Physical tilt hypothesis 


Ko No 
Kr5 Yes Dd 
Ko Vo No No 
Ko Vr5 Yes No 
Kr5 Vo No Yes 
Kr5 Vr5 Yes Yes 
Ko indicates that IF was phys P wi ~ Ae 
horizontal; Vo that IF fired teenies or Eg es "m per 


the horizontal. 
“Ni 2 ; . . : i 
A NECNON OU. deae the particular hypothesis predicts that no after-effect (that 15, 


z $ -veen post- and pre-inspection settings will be obtained under the given 
Inspection conditions; “yes” that an after-effect will ji found. ý 


Method 


Subjects. There were six grou 
Sub vi S, each 
beginning an introducto m. A 


Apparatus. A pivoted wooden b; i 
I4 in. in front of an eyepi enit A Oe 


the eyepiece. Two D 
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by reaching beneath the framework which supported the eyepiece. He was required to 
move his hand along the centre 6:25 in. section of the bar, the limits of which were marked 
by transparent tape; this section corresponded to the limits of the horizontal field. 
Movements were made in time with a metronome operating at 84 beats/min.; because 
the subject's arm was not supported, movements of the hand, arm, and shoulder were 
involved. The subject was able to change the tilt of the bar, when required, by operating 
rotary controls with his left hand. Settings of the bar were read by the experimenter to 
the nearest 0-25° from a protractor and marker mounted at the rear of the frame 
supporting the bar. 

Procedure. Nine pre-inspection settings were initially obtained from each subject. 
The subject was required to move his hand across the bar in time with the metronome 
and to complete, between ro and 15 sec., a setting of the bar so that it felt horizontal. 
A shutter prevented the subject from seeing the bar while making these settings. Three 
of the settings were obtained from each of three starting positions—15AC (where the bar 
was tilted 15? in the anti-clockwise direction from the horizontal), 15C (15° in the clockwise 
direction), and H (horizontal). The mean of these nine settings was used as the pre- 
inspection setting with which the post-inspection settings obtained later were compared 
to determine amount of after-effect. , 

Each subject made nine post-inspection settings; these were also made in the absence 
of visual information about the tilt of the bar. Each post-inspection setting was 
immediately preceded by an inspection period of 90 sec. during which the subject was 
required to move his hand across the bar in time with the metronome. The six groups 
differed in terms of the information, relating to the tilt of the bar, with which they were 
provided during inspection. The arrangements used for the different groups are 
Summarized in Table I, together with the predictions from the two hypotheses. The tilt 
Of the bar was in the clockwise direction for half of the subjects, and in the anti-clockwise 
direction for the other half, under each condition where the bar either was or looked 
to be tilted during inspection. Subjects in groups which were provided with. visual 
information were carefully watched to ensure that they kept their eyes open during the 
entire inspection period. For these subjects a shutter was placed in front of hee eyepiece 
at the end of inspection. Subjects in groups Ko and Kr5 never saw the. ar à any 
Stage of testing. Immediately after each inspection period each subject w sed ne 
to make one post-inspection measure by setting the bar so that it felt horizon: E A ine 
post-inspection measures were obtained in all from each subject; there were t ru E 
each of the three starting positions (15AC, 15C, H). A rest of 4 min. was given betw 
each inspection period. 


Results and Discussion 
Table II shows the mean differences found between post- and pre-inspection 
settings of the six groups, as well as the standard deviations. The score 4- has aS 
used to signify that post-inspection settings were displaced from enu tior 
settings in the direction of the physical tilt of IF, if the bar was tilted during inspection, 


TABLE II 


wp S.D.s or DIFFERENCES BETWEEN POST- AND 
Pnr-INsPECTION SETTINGS 


MEANS A 


Inspection 


condition Mean S.D. i t 

Ko 0:06AC 1:47 0-00 

Kris +376 I:5I TAT* 
Ko Vo o:18AC 1-22 0:33 

Ko Vrs5 —2:02 088 > 6-89* 
Kr5 Vo --3:19 0:78 13:87* 
K15 Vi5 +485 0:96 15-20* 

a SS E ———————AER S 


^. 


ing i i F s Ko 
or the visual tilt of IF if the bar was horizontal te a iH nurum i 
ich icted by ei M SIS, 
7o, for which after-effects are not predic Y eiiie [ E. 
iux eet Scored as AC (anti-clockwise) or C pn = eyes a 
i i itions Ko an 
xpected, the mean differences obtained under condi í aid 
M cde from zero. Displacements differing from zero hath os a : 
direction have been found under conditions "y and Kr5 V 15: Wo eL. 
J: d felt to be tilted uring inspection. a 
groups the bar both was an t ee oe cale i paene 
E Kr5 Vo there was a discrepancy betw een the phy sica d : 
tilt Eque inspection. Displacements differing significantly e: ide 
Were obtained under both conditions. When the bar i eee NIE 
i i i ings wi i in the 
inspection but felt tilted, post-inspection Settings were disp ace pee 
Settings were displaced both in the direction of the physical tilt of IF and a 
direction opposite to the visual distortion. The mean displacement under conditi 


Kr5 Vis is significantly greater (/ = 4-02, p < 0:01) than that found under condition 


i i i 2 i ed by both the physica 

It can be seen that ost-inspection Settings are influenced h th iom 

and the apparent tilt of TF when these two variables are different during ge cai 
The displacements Produced by the apparent tilt differ, however, from thos 


clockwise direction, The f 


Pposition series, 
inspection of a stimulus Property 


Which evokes a 
al point. During inspection this quality becomes 


mediately after inspection 
the covariation of the various stimuli of the di 5 


d the various qualities of 
pondingly modified. The latter finding ; 


that an after-effect obtained followi 


ming, during inspection, to 
izontal but looks to be tilted 

d clockwise during inspection, When 
judgements are subse 


ision a Physically horizontal 
ar will feel to be tilted in a clockwise direction, 


It has been Suggested that pb 
Physical slant of IF i 


these two Classes of eff 
adaptation to 


i yom data from other sources. After-effects 
obtained when there is no discrepancy between the Physical and the apparent tilt 
of IF are known to dissipate rapidly after inspection 
after-effects found when there j 


(Singer and Day, 1965), while 
location of IF dissipate slowly 


IS a difference between the Physical and the apparent 
(Hamilton and 964) 
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Experiment II compares the rates of dissipation of after-effects obtained 
following inspection under conditions Kz5, Ko Vr5, and Kz5 Vo. By determining 
Whether after-effects obtained under conditions Ko Vr5 and Krs Vo disspiate at the 
same rate as those found under conditions Kz5, it can be asked Whether one or two 
sets of processes underlie the effects obtained in Experiment I. 


Method 

Subjects. There were three groups, each of 12 subjects. The subjects were under- 
graduate students. 

Apparatus. The equipment was the same as that used in Experiment I. 
. , Procedure. The treatments of the three groups differed only in terms of the 
information available during inspection. The three conditions used—K15, Ko Vi5, and 
Kr5 Vo—are as described in Experiment I. Nine pre-inspection settings were initially 
Obtained from each subject. Each subject made r2 post-inspection measures, each of 
which was preceded by an inspection period of go sec. duration. Three post-inspection 
Settings were made at each of four delay times after the end of inspection—o, 30, 6o 
and 120 sec. When the delay was o sec. the subject made a setting immediately following 
the end of the inspection period. In testing at the other delay periods the subject 
removed his hand from the bar at the end of the inspection period and placed it flat on 
his knee until asked to make a setting. The subject was requested to make each setting 
within 20 sec. of placing his hand back on the bar. For each delay period one setting 
Was obtained from each of the three starting positions (15AC, 15C, H). Possible cumula- 
tive effects were counterbalanced by varying the order of presentation of the delay periods 
by a Latin square arrangement. A rest period of 6 min. was given between the end of one 
inspection period and the commencement of the next, 


Results and Discussion 

The mean differences between post- and pre-inspection setting for the three 
Sroups and the four delay periods are shown in Table III, together with the 
Standard deviations. The Scoring notation used is that employed in Experiment I. 
The analysis of variance summarized in Table IV shows that the dissipation of the 
displacement produced by inspection is a function of the inspection conditions. The 
after-effect obtained under K15 conditions has almost entirely dissipated 60 sec. after 
inspection; the mean displacement obtained at that delay is not significantly different 
from zero, The effects which follow inspection during which there is a discrepancy 
between the apparent and the physical tilt of IF do not, however, dissipate rapidly 3 
for each of the groups tested under these conditions the mean displacement is signifi- 


cantly different from zero at each delay time. 


TABLE III 
MEAN DISPLACEMENTS AT DIFFERENT TIMES AFTER INSPECTION 


Time after inspection (sec.) 
Inspection 

condition o 30 60 120 
Kı Mean +4°43 +244 —0:09 +0-98 
9 S.D. 144 1:32 3:49 1-905 
Mean —1:54 RD SO —2-00 
Ko Vrs S.D. 1-67 2-19 2-33 i 
Kis Vis Mean -+5'II +415 +4:22 +3-28 


S.D. 1:59 2:23 3:18 1-26 
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TABLE IV 
TEST OF TREND OF DISPLACEMENTS AT DIFFERENT TIMES AFTER INSPECTION 


ee 


Source | d.f. | MS | F 
Inspection conditions (I) ac 2 398-906 | 27:96* 
error (a) .. ES T 27 I4:27 
Delay (D) uis T val 3 24:23 | II-0I* 
IS D sess " = S 6 7:61 3:46* 
error (b) .. x T 81 2-20 
Total .. e ies ds II9 | 
ee ee ee QL€ € EIER 
* p «oor. 


It is known from Experiment I that post- and pre-inspection settings do not 

differ when IF both is and appears to be horizontal. Displacements are found both 
when IF is and feels to be tilted 15? and when IF is horizontal but feels to be tilted 
15°. The present experiment has confirmed that these displacements differ in 
direction; it has also shown that they differ in rate of dissipation. These data 
indicate that after-effects obtained under conditions where there is no discrepancy 
between the apparent and the physical tilt of IF are controlled by the physical tilt 
of IF. 
The data also show that the normalization after-effects reported by Gibson (1933) 
and prism-induced after-effects (Harris, 1965) are controlled by different sorts 0 
processes. The former dissipate rapidly like many sensory effects which are dependent 
on the duration of inspection; they thus can be called sensory after-effects and 
distinguished from prism-induced displacements, which can be termed perceptual 
after-effects. It is probable that the displacements obtained under conditions 
Ko Vr5 and Kr5 Vo represent the combined effects of these two classes of processes. 
Inspection conditions Kr5 Vo, for example, may induce a sensory after-effect of 
about 4° and a perceptual after-effect of 2?. The former would be in the direction of 
the physical tilt of IF; the latter in the direction opposite to the visual distortion. 
When the bar is tilted but looks to be horizontal, these two effects would be 
cumulative and the decreases in displacement over delay times would represent the 
dissipation of the sensory after-effect. 

An issue of some importance to theories of sensory after-effects can be examined 
by a closer study of the interaction of sensory and perceptual after-effects. 
Experiment I showed that post- and pre-inspection settings did not differ under 
condition Ko. It can be asked whether this indicates that inspection of a horizontal 
bar produces no after-effect or an after-effect of 0^; that is, whether inspection ©: a 
horizontal bar produces sensory effects which are qualitatively similar to, but 
quantitatively different from, sensory effects produced by inspection of a tilted bar- 
If a sensory after-effect of o°, rather than no sensory after-effect, is produced by 
inspection of a horizontal bar, displacements obtained immediately after inspection 
of a horizontal bar which looked tilted would represent the interaction of a sensory 
after-effect of o? and a perceptual after-effect of about 2°. They thus should be 
less than 2°. Some time after inspection, however, the sensory after-effect would 
have dissipated and the displacement would be determined by the perceptual after- 
effect alone. The data obtained under conditions Ko Vr 5 are not sufficiently pr ecise 
to examine this possibility; although the after-effect obtained immediately after 
inspection is less than the after-effects found at the other delay times the differences 


we 
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It is worth noting, however, that the 
es which underlie sensory after-effects, 
al situation in which the conditions 


are not significant (F = 1-49, $ > 0:05). 
problem, which relates to the sorts of process 
can be studied only within an experiment 
necessary for both classes of after-effect are present. 


EXPERIMENT III 


Experiment III employs a different arrangement to produce a discrepancy between 
the apparent and the physical tilt of IF. Some subjects, when required in pre- 
inspection settings to set the bar to the horizontal, consistently set the bar at an 
anti-clockwise tilt relative to the physical horizontal, and others at a clockwise tilt. 
It can be assumed that a physically horizontal bar presented as IF will feel to be 
tilted by these subjects. If after-effects are controlled by the physical tilt of IF, 
post-inspection settings made by these subjects should not differ significantly from 
pre-inspection settings. If, however, after-effects are controlled by the apparent 
tilt of IF, post-inspection settings should be displaced from pre-inspection settings 


in the direction of the apparent tilt of IF. 


Method 
Subjects. The subjects were undergraduate students. A number of students were 
tested to form the two experimental and the two control groups, barca of which contained 
tlined later. 


eight subjects. The criterion used to select subjects is ou 
t was the same as that used in Experiments I and II. 


Apparatus. The equipmen h 
At no time during testing Were the subjects able to see the bar. i 
7 7 "he initi i ras to select subjects for whom there was à consistent 
Procedure. The initial aim was v j om fe isonta People in 


discrepancy between the appare 
me initial pool of volunteers were 
it felt horizontal. Two starting e 2 
four setti vere made from each position. For each expe A 

half of the ecis made settings in the order 15AC-15C, and half in the order 15C-15AC. 


Ce people’ who misalign cde dt 
selected as subjects for further testing- corer’? 3 2 i d 
: & tilt in their pre-inspection settings were 
Sub the bar at an anti clockwise ape 1 s 
AT d ee bo set ae erimental or à control group, each of which contained eight 
o either an © T set the bar at a clockwise tilt. Each experimental subject 
eoa ettings each of which was preceded by an inspection period 
of 90sec. During inspection the subject was required to ee ES. ERE bes D 
set at the physical horizontal, in time wI Epi ey arene postion 
eee subject the first gee a zn nd from the other starting 
used to obtain the first four pre“ i "en the two inspection periods. 
iti i {f 5 min. etween the two, p! y 3 
P ris us conte t pers cach made two settings, Pain. a of which was precedes 
by an inspection period. The second sett E nt settings differ from pre-i 


groups were used to determine W. 


settings as a function O the time 
properties of IF. 
Results iscussion , oem 
MT TENE d deviations of the pre-inspection measures are given 1n 
o which subjects initially 


" The means and standar ge 
able V for the fonr groups: Thes® © 
misjudged the horizontal. They indicate that er 
during inspection would have felt to be tite 


i i-clockwise direction by subject : 
RER PON ew groups by subtracting pre-inspection values from the 
postinepection setting made from the same starting position are shown in Table V, 
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together with the standard deviations. The score + signifies that post inspection 
settings are displaced from pre-inspection settings in the direction of the apparent 
tilt of IF. It should be noted that the score —- also indicates that post-inspection 
settings were more accurate, relative to the physical horizontal, than were pre- 
inspection settings. Mean differences between subsequent and prior settings made 
by the control groups are also shown in Table V. For these groups the score + 
has been used to indicate that subsequent settings were more accurate, relative to 


the physical horizontal, than prior settings. 


TABLE V 
MEAN Prior SETTINGS AND DIFFER 3ETWEEN 
SUBSEQUENT AND Prior SETTINGS 


Prior settings 
Group I5AC I5C Differences 
C/AC Mean 3:05AC 3:16AC +1:68 
S.D. I7 I-I2 1:27 
Mean 3:48C 3:28C +151 
C/C P 2 ; X2 
S.D. 1:50 1:58 1:12 
Mean 3:60AC 3:41AC 4-2:16 
Vin t Pss pase fees 
Mean 3:55 5:05 2:32 
Bs S.D. dix 2-12 2:29 
| 


C/AC signifies control subjects who initially set the bar in an anti-clockwise direction 
from the horizontal, and C/C control subjects who initially set the bar in a clockwise 
direction from the horizontal, E refers to experimental subjects. 


For each group the mean differences are in the + direction and are significantly 
different from zero. The mean displacements obtained for groups C/AC and E/AC 
do not differ significantly (t = o-gr, $ > 0:05); nor do those found for groups C/ 
and E/C (t = 0-84, p > 0:05). The results of the control groups indicate that subjects 
who are initially inaccurate in their judgements of the horizontal become more 
accurate over trials and over time. It is probable that the results of the experimental 
&roups represent these changes rather than the effects of the inspection conditions. 
Subjects for whom the discrepancy between the apparent horizontal and the physica 
horizontal is stable over a long period of time need to be used before the issue can 
Properly examined. Even with such subjects constant errors in judging the horizontal 


may have to be large before after-effects would be expected following inspection of & 
physically horizontal bar. 


GENERAL DISCUSSION 

Two experimental arrangements hav 
the apparent and the physical tilt of I 
influences subsequent settings of TF 
conditions in Experim 
experimental subjects r 
the effects of the inspection conditions, 


f S In Experiments I and II relationships between the apparent 
and the physical tilt of IF were syste 
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information available to the subject during in 
1933; Over, 1966; Rock and Victor, 1964) indicate that visual information influences 


where IF feels to be; that is, its apparent tilt. After-effects obtained when visual 
and kinaesthetic information was congruent during inspection did not differ from 
those found when kinaesthetic information alone was available during inspection. 
When visual information was distorted, after-effects were found to be a function of 
the apparent, as well as the physical, tilt of IF. The after-effects controlled by the 
two classes of variables differed, however, in their direction and rates of dissipation. 
These differences are such that after-effects obtained when there is no discrepancy 
between the apparent and the physical tilt of IF cannot be attributed to the apparent 


tilt of IF. 
In several studies (Day and Logan, 1961; Story, 1961; Sutherland, 1954) it has 
f a visual after-effect involving size judgements is 
nt sizes of IF and TF when these figures subtend 
equal visual angles. The present experiments suggest an approach by which it can 
be determined whether the above after-effects are equivalent to those obtained under 
conditions where the apparent and the retinal image size relationships of IF and TF 
are confounded as variables. The rate of dissipation of after-effects obtained under 
the latter conditions is a function of the duration of the inspection period (Oyama, 
1953). If after-effects determined by apparent size relationships alone dissipate at 
the same rate it can be concluded that after-effects found when apparent and 
physical size relationships are confounded as variables are in fact controlled by 
apparent size relationships. If they do not dissipate, or if they dissipate at a 
different rate, it follows that the after-effects found when the two variables are 
confounded are determined by retinal image size relationships. Results of the 
latter sort would indicate that it is profitable to distinguish between sensory and 
judgemental determinants of judgements of TF following inspection. : 

The issue of intermodal after-effects can be examined along the same lines. 
Jaffe (1956) and Mayer (1961) have reported. data which suggest tnat pre x 
one modality (vision) results in after-effects in another modality Canaan 
these intermodal after-effects are equivalent to after-effects found w = RE n 
and subsequent test settings are accomplished within the one modality, ES na » : 
dissipate at the same rate following inspection. If they do not, it can be said tha 
prior stimulation in one modality affects judgements made in ano 


ther, but that the 
processes involved are quite different from those operating when judgements made 
in a modality are influenced by prior inspection involving that s 


spection. Available data (Gibson, 


been found that the direction o 
determined by the relative appare 


ame modality. 
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RT, AS A FUNCTION OF INTENSITY OF S; I2 


REACTION TIME TO A SECOND STIMULUS AS A 
FUNCTION OF INTENSITY OF THE FIRST STIMULUS 


BY 
MARILYN C. SMITH 
From Department of Psychology, University of Toronto 


Reaction time (RT) to the second of two stimuli presented in rapid succession was 
examined as a function of the intensity of the first stimulus (S). It was found that the 
delay in RT, was greater following a dim first stimulus than following a bright first stimulus. 
The magnitude of this increase corresponded to the difference in RTs to the two intensity 
levels of S,. These results support the prediction of a single channel model of response 
selection. Examination of mean first RTs revealed a general elevation in latency of RT. 
However, since this increase was not influenced by the inter-stimulus interval (ISI) or 
by the intensity of the second stimulus (S,), and since the same increase was found on 
“catch trials" where no S, was presented, this increase is considered to be a function of 


change in set in the double response situation. 


INTRODUCTION 

When two stimuli are presented in rapid succession, the reaction time (RT) to 
the second stimulus is typically delayed when compared with the RT to that stimulus 
y, which is commonly referred to as the 


when it is presented alone. This dela 1 ; j 
"Psychological Refractory Period," is maximal when the inter-stimulus interval 


(ISI) is very short, and declines as the interval between the two stimuli is increased. 

One explanation of this delayed second RT is that somewhere in the processing 
system there is a "single channel" or limited capacity mechanism which can handle 
the information from only one of the stimuliatatime. This single channel is usually 
considered to occur at the decision or response selection stage bus Re E: aik, 
1948; Welford, 1952; Davis, 1956; Fraisse, 1957). 4A single A EXE Ne 
psychological refractory period attributes the delay in the secon IS 0 | 3 e s 
the information from the second stimulus must be held in store un e single channe! 


i lection. 
decisi i mpleted the first response se i j 
PPh conte aie odd "ihe delay in the second RT (RT,)is a function of the 


time required to select the first response. It would therefore ai ES hoy Mem 
the first response selection is begun, the sooner it will be eS e Kore ? 
selection time is constant), and therefore the sooner the VM S pere 
for the second response selection. Consequently, the delay in 2 

E x eriment was conducted to examine this e M ES af ns 

4 2 ted b: varying t e intensity o1 th a 

é F pue n NNI S RT to 3 stimulus decreases as p ed I 
Stimulus is dide Recently, Vaughan, Gilden and Cons ay wi d 
strated that the latency of the visual evoked MEC appears to operate 
intensity of the stimulus. Hence, na Ten stimulus information to reach the 


primarily by reducing the time required selection can begin. 


: hi onse 
C acid therefore the barar a ville intensity of a stimulus reduced the RT 


It was hypothesized that if increasin, fact that response selection was 
à ex is was due to the fac p à 2 fs 

i that stimulus by x I Ta eb sooner. Consequently if this bright 

egun, and therefore comp eec» a situation where two stimuli were 


stimulus were to be used as the first stimulus in 
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presented in rapid succession, the response selection to S, should be able to start 
x millisec. sooner than if it follows a dim S,, with a resulting decline in RT, by 
x millisec. 

A second purpose of this experiment was to examine changes in the RT to the 
first stimulus (RT,). Previous findings on the changes in RT, in a successive response 
situation have been contradictory. Reynolds (1966) has reported a general rise in 
mean first RT as a function of ISI length, which he explains on the basis of psycho- 
physical summation at short ISIs. Others, however, have found no change in RT, 
(Davis, 1956), or a slight increase in RT, which is the same across all ISIs (Smith, 
1966). Gottsdanker, Broadbent and Van Sant (1963) compared mean first RT at 
an ISI of 500 millisec. with the choice RT to that stimulus presented alone, and 
found the former to be significantly larger. In this study, changes in RT, could 
be examined as a function both of ISI and of intensity of S,. 


METHOD 
Subjects 
Four M.I.T. students, three female and one male, participated in this experiment. 
The subjects were paid for their services. 


Apparatus 


(a) Visual array. The visual array was composed of two light sources consisting of 
cold-cathode mercury-argon lamps coated with magnesium tungstate phosphor. The 
lamps were housed in circular light boxes having a diffusing surface made of jin. milk 
plexiglass. A small red focussing light was placed between these two stimuli. The area 
of each of the circular light sources was 76cm.2 The visual angle of each of the light 
Sources was 3:8 degrees, while that of the entire array was 12:4 degrees. These lights 
were triggered by a Sky Instrument Company type tachistoscopic programmer which 
enables the interval between the stimuli to be varied. The lights could be triggered in 
either order—i.e. left followed by right, or right followed by left, 


(b) Reaction time apparatus. The RT keys consisted of two microswitches mounted 
on a handrest. A switch operated by the experimenter sounded a buzzer and activated 
a model 111C Hunter decade interval timer. 


triggered the simultaneous onset both of the first light and of two model 120A Hunter 
Klock-kounters which measured RT in millisec. 


Procedure 


The experiment was conducted in a dimly-lit room. The subject faced the visual 
array and focussed on the red light between the two stimulus lights. His left fore-finge* 
was placed on the left microswitch and his right forefinger rested on the right microswitch. 
The experimenter began each trial by saying “Ready” and pressed a buzzer. Following 
the buzzer there was a fixed foreperiod of 1-4 sec., which was followed by the onset O 
one of the two lights. On half the trials the left stimulus came on first, and on the other 
half the right stimulus came on first. The left-right order was randomly varied. The 
interval from the onset of the first stimulus to the onset of the second stimulus (ISI) 
was varied in 30 millisec. steps in a random fashion from 60 to 270 millisec. The duration 
of both stimuli was held constant at 30 millisec. A summary of the procedure is aS 


follows: 
m m I-4 sec. Variable interval 
Ready” ------ Buzzer -- --—— Stimulus one ——~-________— Stimulus two 
30 millisec. 30, 60——— 240 millisec. 30 millisec. 
| em ot 
EA 
ISI = 60, 90, —.—— 270 millisec. 


The subject was instructed to respond as quickly as possible, pressing the left key when 
the left light came on and the right key when the Eight light ie eh. Each session 
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lasted approximately x hr. Subjects attend 5 i i 
l 3 y J ed 15 se 
were included in the data ando. Bees SEN 


Design 

Two luminance levels were used, 42 ft. L. (Bright) and o-o42 ft. L i 
Dicenaaee was reduced by lowering a Kodak x 3 Le Mes density filter Nu 
ront of the light source by means of a pulley arrangement. The filters were adjusted 
on each trial, so that the subject did not have any cues as to whether the intensities 
would be the same as or different from the previous trial. Four luminance level com- 
binations were possible: 


Stimulus one Stimulus two 


Bright Bright 
Bright Dim 
Dim Bright 
Dim Dim 


Each of the above luminance levels could appear either with the first stimulus on the 
left or the first stimulus on the right, giving eight possible luminance combinations. 
For each of these eight combinations, all eight ISIs were presented, making a total of 
64 trials. In addition, 16 *"'catch-trials" were included—i.e. trials in which only the 
first stimulus was presented, to insure that the subject would not merely press both keys 
in sequence as soon as he saw the first stimulus. This also provided a measure of his 
T to one stimulus when he believed it to be the first of two, to see if this differed from 
the choice reaction to one stimulus when he knew only one was being presented. Half 
the catch-trials were with the bright stimulus and half with the dim stimulus. The side 
of presentation was counterbalanced. " CS 
Finally, 36 simple reaction time (SRT) and 36 choice reaction time (CRT) measures 
Were taken--one-third at the beginning of the session, one-third in the middle of the 
Session and one-third at the end. A constant foreperiod of 1-4 sec. was used. These 
Measures provided a measure of how RT to a single stimulus was affected by luminance 
level. In addition, the choice RT measure allowed us to determine if RT, in the double 
Stimulation situation was different from the two-choice RT to a single stimulus. 


RESULTS 


4. Effect of intensity level on RT eas : E 
The effect of the luminance of the visual stimulus on when only a single 
Stimulus was ent is shown in Table I. These results confirm earlier findings 


TABLE I 
— RT iN MirLisEC. TO A VISUAL SrımuLUS AT Two Intensity LEVELS 
ice RT 
Simple RT Choice 
i it stimulus 
Intensity of stimulus Intensity of 
| dm «| i i Difference 
Subjects Dim Bright Difference Dim Bright ifft 
196 32 
E 24 228 > 
Talg] alad > 
: 223 192 31 255 ae 2 
2 232 204 28 261 
Average 220 193 27 255 225 30 
n of 180 trials. 


Each entry represents the mea 
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that when a subject is required to respond to stimuli of different luminance levels, 
RT is faster to the stimulus of greater intensity. With the particular intensities 
used in this experiment, RT is approximately 30 millisec. faster to the bright light 
than to the dim light. This is true for both simple and choice RT. To determine 
whether this difference is found as well in the double stimulation situation, the mean 
first RTs under all conditions were examined. These are presented in Table II. 


TABLE II 
MEAN First REACTION TIME IN MILLISEc. 


ISI in millisec. 


60 | go | 120 | 150 | 180 | 210 | 240 | 270 Average 
| | | 
A S, bright 274 | 26 274 | 266 | 267 | 261 | 269 | 274 260 
Si bright S, dim 258 | 27 | 264 aes 


7 7 
O | 259 | 263 | 264 | 267 | 271 Mini 
| Mean 267 


s S, bright 28 or | 295 o o 8 | 305 o. 301 

S 2 brig va e: 95 | 303 | 304 | 308 | 305 | 304 

idim — Siüim 296 | 297 | 207 | 296 | 299 | 307 | 304 | 295 299 

Mean 300 

EE REL ee ee 1. 4| hh ee ee Ll 
Each entry represents the mean of 20 trials. 


„Examination of the last column in Table II shows that the mean first RT to 9 
bright stimulus (267 millisec.) is approximately 30 millisec. less than the mean first 
RT to a dim stimulus (300 millisec.). 


B. Effect of the intensity of the first stimulus upon RT to the second stimulus 


When the first stimulus was bright and the second stimulus dim, subjects often 
reported being unable to see the second stimulus, and assumed that this was a 
catch-trial on which only one stimulus was presented. Responses which were n!2 
to the second stimulus were abnormally long. Possibly the intense first stimulus 
has a masking effect on the second dim stimulus. Consequently examination o 
the effect of the intensity of a first stimulus on the RT to a second stimulus of a given 
intensity was limited to those trials on which the second stimulus was bright. The 
results for the four subjects are shown in Figure 1. Each point represents the mean 
of 20 trials. For all four subjects RT to the second stimulus is less if the preceding 
stimulus was bright than if it was dim. The only exception to this occurs at the 
shortest ISI employed, in the case where the first stimulus was dim and the secon? 
stimulus was bright. Under these conditions the effective ISI between the two stim 
was considerably less than 60 millisec. (when the relative rates of travelling ° he 
two intensities of stimuli are considered), and some "grouping" may have occurred, 
such that the two stimuli were processed simultaneously, and a single response 
selection was made to the stimulus array. 

The mean difference in RT to the bright stimulus when it is preceded by 2 dim Ss 
and when it is preceded by a bright S, is shown in Table III. This is compared with 
the mean difference in first RTs to the two intensity levels of the first stimulus: 
In both cases the value of this difference is 30 millisec. It thus appears that if the 
second stimulus is preceded by a dim first stimulus, RT is increased by 30 millisec- 
over what it would be if the first stimulus were bright. Hence, the results are 1 
agreement with the predictions of a single channel model of the psychologic? 
refractory period. 
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FIGURE 1 
Subject | Subject 2 
AA First stimulus dim, 
=e second stimulus bright 
z x o—o First stimulus bright z 
zi second stimulus bright | — 7 $ 
2 
E zj- E aso|- 
S ifi Top 
9 230}- B n 
E S. dE 
10 —L 170 1 lk 4:3 oy 
60 — 120 180 240 60 no 18 20 
ISI in millisec. ISI in millisec. 
; Subject 3 j Subject 4 
8 410 $ sioj- 
al E 3s0}+ 
£ s 
9 B o f 
E 250 EC 
c H 
S | $ 
© no © 230 
Es $ 
zo č 
(tee eee 
m=i ec Ps an i9 —]1— 
60 no 16 240 $0 — no 18 240 
ISI in millisec. 


ISI in millisec. 
on of the intensity of the first stimulus. Each 


. RT to the second stimulus as a functi 
Point represents the mean of 20 trials. 


TABLE III 
A BRIGHT SECOND STIMULUS WHEN 


MEAN DIFFERENCE IN RT (IN MILLISEC.) TO 
ECEDED BY A DIM S, AND BY A BRIGHT S, 


IT Is PR 
1 i i * to the 
i e in RT to the Mean difference m RT 
Met US at the two bright stimulus when preceded by 
Subject intensity levels a bright or dim first stimulus 
Se | 

x 34 a 
3 a 20 
3 26 a 
4 42 E 
33 30 


est ISI are omitted. 


nts the mean difference on 20 trials. 


* RTs at the short 
Each entry represe 


C. Comparis j d mean first RT 
[ two-choice RT an 
* dos conditions are shown 1n Table II. A two-way 


The m der all 
analysis E nat for each intensity level of the first stimulus to determine 
the effect on the first RT both of the ISI between first and second stimuli and of 
the intensity level of the second stimulus. No significant differences were found in 
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first RTs over the eight ISIs employed. Similarly, the intensity of the second 
stimulus had no significant effect. No significant interaction effects were found 
between intensity level of S, and the ISI. 

It is interesting to note, by comparing two-choice RT in Table I with mean first 
RT in Table II that the latter is approximately 44 millisec. longer than choice RT 
when only one stimulus was presented. In both cases a constant foreperiod of 
r-4sec. was employed. This increase is the same for both intensities of the first 
stimulus, and is approximately the same mean increase (42 millisec.) reported by 
Gottsdanker, Broadbent and Van Sant (1963) in a study designed to explore the 
difference between first RTs and RTs to a single stimulus. 

To determine whether this delay was due to some inhibitory effect of the second 
stimulus or to a change in set when the subject knew that two stimuli would be 
presented, a comparison was made between mean first RTs when both stimuli were 
presented with mean first RTs on catch-trials where both stimuli were expected but 
only one was presented. The results are shown in Table IV. The difference 


TABLE IV 


Comparison or CRT To tHE First or Two STIMULI WITH CRT 
TO A SINGLE STIMULUS WHEN Two STIMULI ARE EXPECTED 


CRT to a bright stimulus in millisec. | CRT to a dim stimulus in millisec- 
: First of two Single stimulus First of two Single stimulus 
Subject stimuli (two expected) stimuli (two expecte 
"= 20 n = 80 n 2:20 n = 80 
I 250 251 284 285 
Z 277 278 308 329 
3 275 274 301 307 
4 265 262 307 303 
Average 267 266 300 306 
EE eee ee ee —— JJÀ——— — — — 


between the two RTs was not significant, suggesting that the observed increase in 
mean first RT was due, not to the inhibitory effect of a second stimulus, but rather 
to a difference in set when two stimuli are expected. 


DISCUSSION 


This experiment was concerned with examining the prediction of a single channel 
model of response selection that speeding up the afferent travelling time of the fir 
stimulus by x millisec. would result in a decrease in RT, of x millisec. The results 
tend to support such a model. à 

, One possible objection is that when the first stimulus was presented, subjects 
might have tended to orient more towards the dim stimulus than to the bright. ak 
stimulus, with the result that the second stimulus was more peripherally received, 
and hence more slowly conducted. This would have resulted in a relative increase 
in RT, after the dim stimulus. However, this possibility appears unlikely for severe 
reasons. Firstly, the latency of a saccadic eye movement is in the range of 1507 
250 millisec. (Westheimer, 1954), so that except for the very largest interv? 7 
employed, no movement in the direction of the dim first stimulus would hav 
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d: I3I 


occurred before both stimuli had b 
een pres 
ee Dese MERC C pr mute Although Zuber (1965) has recently 
of this suppression is about aa » millisec be ne E o kon latency 
nee) an mud ut 5 o millisec before the eye movement, so that 
o millisec., there should b thee eee 
par apod 9o mill " i e no effect due to this sw i 
y of go millisec., RT, is still faster followi i e We 
^ : , RT, er following a bright S, th: i 
" D meg aeri rx pipe between the decline in RT, nies 
: A e decline in the latency of RT, foll i i F 
sis [ : y 2 following the more 
P qoe im pede n iet of independence in the processing of eria 3 
which allows ost a simple algebrai i 4 
If € n ple algebraic summation of 
Apa had been some interaction between the two stimuli, such a deas celsis 
e E intensity of S, and the latency of RT, would appear unlikely. It nd m 
Syst e noted that if the delay in RT, had resulted from a "refractoriness" in H 
es similar to that observed for nerves and muscles, as has been suggested m 
Fen um (Telford, 1931; Davis, 1957), an increase in the intensity of S, scit 
een expected to cause greater refractoriness, and hence a greater delay in RT. 


age a bright S, than a dim S, rather than the reverse results which we found. 
iss ncerning the effect of a second stimulus on RT to the first stimulus, the Assis 
cate that the slight increase in RT, was the result of a change in set when two 

rather than the actual presence of the 


responses are required in rapid succession, 
the finding that (a) RT, is not influenced 


pad stimulus. This is supported by 
um T interval between the two stimuli or by the intensity of Se, and (b) the change 
; is the same even if the second stimulus is not presented, provided the subject 


1S expecting it. 

b: To sum up, it appears that if the first response selection can be initiated x millisec. 

d ner, the latency of RT; is decreased by X millisec. Although this finding does not 

m h out various alternative explanations of the psychological refractory period, 
ch as the expectancy theory (Elithorn and Lawrence, 1955) or the theory of com- 

peting responses (Reynolds, it would have proved to be a 


Sar i 1966), à failure to find it 
erious difficulty for any single channel theory. 
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SEQUENTIAL EFFECTS IN A TWO-CHOICE SERIAL 
REACTION TASK 


BY 


D. J. HALE* 
From the Department of Psychology, University of Manchester 


olic two-choice serial reaction task under four 
conditions. These were with a delay from previous response to onset of next stimulus 
of 100 millisec, 600 millisec., 2 sec., and a fourth condition of 2 sec. delay with verbal 
prediction of the next stimulus. A positive recency or repetition effect occurred at 
100 millisec. delay where RTs to repeated stimuli were faster than RTs to alternate 
stimuli. At 600 millisec. this effect was still present, though much reduced. The 2 sec. 
delay gave a negative recency effect where RTs were slower to repeated than to alternate 
stimuli. This effect increased significantly with simultaneous prediction of the next 
Stimulus. The verbal predictions themselves displayed negative recency. Run analysis 
of the four conditions revealed striking differences; These results emphasize the need 
for analysing the microstructure of choice RT situations and reveal deficiencies in present 
models. 


Twenty-four subjects performed a symb 


INTRODUCTION 


When one considers the extensive literature which exists on choice reaction time, 
it is surprising that an interest in sequential effects | has not developed earlier. 
Sequential effects would easily be apparent in early serial RT experiments (such as 


those reviewed by Hansen, 1922) and more recently the effects were mentioned by 
seven years. It is also even more surprising 


Hyman in 1 vet were ignored for i 
that a es analysis was not earlier performed when we consider the close 
parallel between choice RT and probability learning situations where definite 
Sequential effects were demonstrated by Jarvik as early as 1946. The importance 
of this sequential analysis of the microscructure of choice RT has recently been 
E 7 Williams (1966) and Falmagne 


emphasized by Kornblum ersonal communication), ( 
(1965), who fas rid m account for frequency effects in terms of recency. 


Any model for choice reaction behaviour must explain the ee sources of e 
Which affect results and explain the way n which specific signals a Pen Te, 
merely the results of an average process. The previous d à md d 
Average performance has tended to obscure the importance of speci c pecific 
e individual RTs can be analysed 


i i i th 

signals. For example, in a two-choice sequence, Er & 
Separately into oaia] or repeated responses, Or a more detailed analysis can be 
" 5 a run of repeated responses. An effective model 


made i osition in s 
must bec Adan these detailed parts and not merely the overall RT to a 
jl ru ion i i ice RT task that subjects 
Iti :ncidental observation 1n a discrete choice i t 

tend to perg Hes or guess what the next stimulus ber LEN us bs 
guessing happens overtly, as in the case of Williams (1966), e p m pe 
à shorter iban imc predictions. The V E E "in ies is e oa um 
Situations of two-choice probability learning tasks. In these gu 3 g a 

eldman, 1959; Winefield, 1966, 


one F 
ar - Nicks, 1059; Goodnow, 1955; +€ ‘ 
TERETA a ia effects occur. There is a tendency to predict alter- 


nations—as the length of a run of one event increases SO will the tendency for the 


iversi f Aston in Birmingham 
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subject to predict the opposite event increase. Jarvik termed this Tm e 
recency" and pointed out its most common manifestation. in t H ee Ya 
“gambler’s fallacy.” If this tendency occurs in choice RT tasks it w sui é 5 me se 
to expect that the bias of subjects towards predicting alternate events w et io 
to shorter RTs for alternate stimuli and longer RTs for repeated stimu Me m 
tendency was noted by Hyman (1953) for his two-choice condition, and also 5) 
Velford (1959) and Williams (1966). x E E 
E koe cde also ts positive recency effect in a situation with a werd 
number of alternatives, where RTs were faster to repeated than to alternate S sible 
In the first of a series of papers on the topic, Bertelson (1961), using a vay SOR ch 
two-choice self paced serial task demonstrated a positive recency ten a pa 
he termed a “repetition effect.” He showed that under his experimenta " sm i 
the effect only occurred when the delay period from the release of the key dien of 
previous response to the next stimulus was short—5o millisec. W s wei 
500 millisec. there was no effect ; alternate and repeated RTs were equal. e su iod 
on the basis of his and Hyman's results that a repetition effect persisted longe mplex 
**,.. a more complex coding operation is involved. . .” (page 99). The eee ime 
coding operation can consist of either a less compatible stimulus-response Te S elean 
or a larger number of alternatives. Both these variables were used by 2n ^ Ws 
(1963) who showed that the repetition effect increased as S-R compatibi poles 
lowered by changing the spatial relationships of stimulus and response, and roned 
the number of alternatives was increased. Bertelson and Renkin (1966) delat 
that in a less compatible task the repetition effect consistently decreased as € | 
periods were increased from 50 millisec. to 1,000 millisec. Leonard, Newman Sad 
Carpenter (1966) have also demonstrated a strong repetition effect in a highly bias 
five-choice serial reaction task. j "S 

The present experiment is designed to investigate the relationship etw 
negative and positive recency and how they vary with the delay period in & d 
task. The first objective is to determine to what extent positive and nega. 
recency are dependent upon the delay period. It is predicted that positive recen 4 
will occur with short delays, that it will decrease as delay increases and will je 
towards negative recency at still longer delays. The compatibility of the task ber 
is intermediate between that used by Bertelson (1961) and that used by nee 
and Renkin (1966) while the range of delay values is greater. The second object’ 
is to assess the contribution towards negative recency or the attenuation of posit! à 
recency of the subject's guessing habits. This tentative explanation of the ae 
negative recency was rejected by Williams (1966) ; however her experiment is de en 
to the criticism that she used verbal foreperiod warnings and thus may have 8t ids 
subjects cues as to which stimulus was to appear. The present experiment av 
this objection and also carries out the more useful sequential analysis of runs. 


, METHOD 
Design š 


: : yas 
Each subject performed under four experimental conditions. A balanced desig Jers 
used where 24 subjects were randomly assigned to the 24 possible permutations O 2 


k a u 
of performing the four experimental conditions. The design was used to balance © of 
possible intercondition effects which might have been particularly important becau 
lack of previous practice. 


Apparatus 


r 
A self-paced serial choice reaction apparatus was constructed controlled by Hare 
Siddeley LMro logic modules. RT was measured by charging condensers fro 


- he 
stabilized 150 volt supply for a time equal to the duration of the S-R interval. T 
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resulting voltage was digitized and punched on to five hole paper tape b 

Compact Data Logger. Serial earen of RT to an ae p pA de 
possible with basic delay periods as low as 50 millisec. by alternately charging, measuring 
and discharging a pair of independent condensers. The timing circuit was arranged so 
that I millivolt = 1 millisec. so that the condensers were charging on the linear portion 
of their charging curve. The basic delay could be varied by changing values of condensers 
which governed the time after keypress that the next stimulus appeared and the timer 
started. Ona keypress the stimulus was extinguished and the next stimulus appeared a 
constant time interval after. The delays used were 100 millisec., 600 millisec. and 2 sec. 
Stimulus sequences were programmed on to paper tape and this tape advanced whenever 
either key was pressed—a non-correction procedure. An incorrect response caused 
an error to be recorded on a counter, as did simultaneous keypresses. , 


Stimulus-response details 

Stimuli were either the number “1” or “2” displayed on a Mullard Z520M electronic 
number tube. Transparent perspex keys, resting on microswitches, were operated by 
left and right index fingers. They needed a pressure of 80 gm. to operate and emitted 
a distinctive click. The simplest S-R relationship was used with a ''1" requiring a left 
keypress and a right keypress from a. “5. Subjects sat comfortably in a screened cubicle 
with a low ambient illumination and free from distraction. They could hear the low 
noise of the tape punch after each keypress. The experimenter communicated to the 
subject through a loudspeaker; the subject, however, could not communicate with the 
experimenter during a sequence. 


Procedure . T n UR : 
Each subject attended for four separate half hour sessions. In each session he received 
Bequeies en stimuli of a given delay value. At the beginning of the first session each 
subject was familiarized with the workings of the apparatus and allowed a few practice 
f individual sessions subjects 


responses under the three delay values. At the beginning © i 1 
were shown the specific delay value for that session and performed a few practice responses. 


Apart fr i vas no practice, except in the prediction condition, where 15 
vU de hechos were given to ensure that subjects AE perm the 
Predictions within the time required. With the roo millisec. and 600 mi a con n id 
20 sequences of 50 stimuli were given in four blocks of five fae pa s TE $ : Ne S 
performed the same 20 sequences in the same order. The 2 sec. a iod b 2 p ic in 
Conditions were each of 1o seque li in two blocks of five, which were the 


nces of 50 stimu e, 
i in the shorter delay condition. There was 
first ro sequences of the 20 De arcium when the subject was told the number of 


à pause of about 20 sec. between each sequence m in how m 
RT to the last stimulus. in the 2 min. 

errors he ha that sequence and the R ; 

DS uteen We of Sequences the experimenter talked b me cus Neri 

verbal icti ition the subject's predictions of the next stimulus w € 

prediction condition © RT of each sequence which was 


on a tape recorder and transcribed icd Ed Un 
neither alternate nor repeated was removed in a SIS. 


Subjects ru 
i ty with a mean age of 23 
i ers of Manchester University i 
years 24 subjects were a four were women. ‘All were volunteers and received no 
a Wi 


payment, 
Stimulus se 
quences dom binary events (I and 2) were generated 
A large number of sequences e ips bles, Sequences were selected for use which 
om num ate events should be between 


from Fisher and Yates' rand 

n r i at th number of altern ) 
es os with the only constraint hows the proportion of runs of various lengths for 
all noe tiu Rel E the first 10 and last 10 sequences. They appear to be very 
sates e [ou Rue he proportions of alternations and repetitions are equal in each 
case. 
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TABLE I 


ANALYSIS OF STIMULUS SEQUENCES TO SHOW RUN STRUCTURE AND 
NUMBER OF ALTERNATIONS AND REPETITIONS 


Sequences of stimuli 
I-20 | I-IO | II-20 
Alternations za 524 | 262 | 262 
Repeat 2 .. 53 253 136 | 117 
Repeat3 .. Am II3 55 58 
Repeat4 .. T. 56 26 30 
Repeat 5 .. me 23 7 16 
Repeat 6 .. vs 8 3 5 
Repeat; .. we 3 I | 2 
eee 
RESULTS 


Errors 


With the present apparatus errors could not be identified and removed, thus all 
average RTs include errors. The percentage errors were fairly low, however, with 
100 millisec. 3 per cent., 600 millisec. 3:9 per cent., 2 sec. 1-8 per cent. and 2 sec 
with prediction 2-6 per cent. The low error rate and similarity between error rates 
for different conditions suggests that this will not be a source of error. 


Alternate and repeated RTs 


Table II shows mean RT and standard deviations for alternate and repeated RTs 
(and overall RT). By- 


subject analysis of variance was performed on the differences 
between alternate and repeated RT for all subjects and all conditions. This gave 
a between conditions F (3, 69) 


= 21-86 which is significant beyond the o-oor level. 
A Neuman-Keuls test was performed on the average roo be à and showed that all 
are significantly different from each other beyond the 0°05 level, and that all but 


TABLE II 
MEAN RTs (IN MiLLISEC.) AND 


STANDARD DEVIATION.: NP 
A S FOR Over: ATE A 
REPEATED RTs For ALL SuBjEcts UND: Vern oe 


ER THE Four EXPERIMENTAL CONDITIONS 


E 2 sec. with 
100 millisec. | 600 millisec. 2 sec. prediction 
Overall RT Mean .. 441 385 401 464 
SOS jy 106-7 80-4 72:3 1495 
Alternate RT Mean | .. 459 393 9 458 
p - II5:9 84-6 eo T51-9 
è Si +12,000 --12,000 +6,000 -+6,000 
Repeated RT Mean .. 420 376 470 
o 
SD. .. 939 76:0 ED pn 
1 = +10,000 +10,000 +5,200 3Tueoo 
Difference 
(Alternate—repeated) +39 +17 6 mis 
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de - and 2 sec. with prediction conditions are significantly different at the 
: evel. 


Run analysis 


; The computer analysis gave mean RTs for stimuli in all run positions. The RTs 
is all run positions for each condition were superimposed, a procedure used by 
ertelson (196r) and Leonard, Newman and Carpenter (1966), and the results are 


presented in Figure r. 


FIGURE 1 


EE 
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Y2 sec. 
with prediction 
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è 
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Ec - o RT 
^ 2-77 600 millisec. 
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Position in run 
or the four conditions. 


Mean RTs for position in run ft 


the number tube the subject 


Analys; icti 

alysis of predictions D 
s figure “2” on is i i 
imulus of figu n analysis is shown in 


After each t 
occurrence of a S UB CE 
fu, ther predict another dote, Es RE {f “gs” predicted after 
gure 2, This was constructed by noting the proportion o P : 
tuns of different le Wisk uo mee proportions Were converted to percentage 
Predictions Ma cid only PUE of six in this situation because, as shown in 
able T, the run of seven was for stimulus “I. 


138 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


FIGURE 2 
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Correct and incorrect predictions 


Table III shows means for RT 
and repeated stimuli. 


to correct and incorrect predictions for alternate 
difference was between ci 


Analysis of variance showed that th 


e only significant 
orrect and incorrect predictions (F (1, 92) = 5:46) which i$ 
significant at less than the 0:025 level. 
TABLE III 


MEAN RTs (rx MILLISEC.) For CORRECT AND I 


N NCORRECT PREDICTIONS AS A 
FUNCTION OF ALTERNATE AN 


D REPEATED STIMULI 


Alternate Repeated 
N Mean RT N Mean RT 
Correct predictions . 2,636 2 2,481 22 
Incorrect predictions 2,819 p AS S12 
Discussion 
The results clearly demonstrate the 
on th i 


oe — ZEN 


SEQUENTIAL EF PERULA Ex Meer 


for the very i " Vi or 100 mullisec. a d 60 
ne very large difference between the overall RTsf illi nd 600 milli 
I fo) illisec. Sec. 


This di n 
ifference would be expected to decrease with practice, though, as Bertelson 


196 7 i 
(1961) found, even after 8,000 reactions practice the shorter delay period still had 


the longer RT. TI i 
) : he present experiment al: firm: i 
RT D. peri so confirms the general length 
P ppm pope reported by Williams (1966). The performance of some subj x 
i n ition was severely disrupted, but with others there was no effect. us 
presence of a smaller repetition effect at 600 millisec. than at 100 millisec 


confi icti 
punire eis prediction of Bertelson (1961) that the repetition effect persists 
ith the more complex coding operation, which in this case results from lower 


s ap RUE The presence of this decreased repetition effect also confirms the 
E ertelson and Renkin (1966) who, however, only used delays up to I sec 
einer not obtain a negative recency effect. Their patterns of alternate and 

ed RTs have generally been confirmed, however, bearing in mind the lower 


am -o men m thi i 
pe cog of practice given in this experiment. Of particular interest in the present 
per is the similarity o he 600 millisec. and 2 sec. conditions 


EC E f alternate RTs for t 
a ag RTs display à large enough change to go from positive to negative 
i A Vhile Bertelson and Renkin did not achieve negative recency (presumably 
etek e of the delay values being shorter and the compatibility lower) they did report 
ively steady alternate RTs from 200 millisec. to rsec. delays, while repeated 
lues investigated the majority of 


2s steadily lengthened. Thus over the delay val 
hanges in recency seems he processing of repeated signals. 


TI to be due to changes in t 
he low value for negative rec due to the persistence of the 


s ency at 2 Sec. is probably 
repetition effect and competition between this and the causes of negative recency. 
" The demonstration that verbal prediction gives à significantly stronger negative 
cency effect differs from the results of Williams (1966) who reported no difference 
gthening in RT. This might be taken a 


in rece ; 
de recency, only a general len s a direct 
monstration that negative recen be caused by guessing strategies, and some 


support for this hypothesis comes esult showing that the predictions show 
tendency. The magnitude of this prediction effect is 


greater than previously reported (i.e. Nicks, 1959) and this might 
be due to the highly paced nature of the task and the immediate high reinforcing 
value of making correct predictions. Correct predictions also lead to shorter reaction 
times, as was found by Williams; the non-significant recency effect seems 

s. This result, while differing from that of 
dictions gave almost equal 
difficulty for the guessing habits hypothesis. 
ifficulty in relating the guessing 
rve one would 
This is not 


vc of negative rece 
S erence to the run analysis 
rategies displayed to the RT 
ue that RT to successive T€ i : 

e case and in the 2 sec. condition all the negative recency efi 
a repetition, with subsequent repetitions giving Ts very similar 
SUM The prediction condition shows 9. E 
BU sheet bong mainly caused b 
E tend towards giving RTs equ 
di riability. The status of the guess po 
g screpancy between these results and those of Williams (x 
y i of verbal foreperiod signal, but the present expen” 

€ use of such a highly paced task and à situation which gives such 
pd effect. 

illiam: ision model to explai: 

do bee d ssing habits. While the status ofthe 


her rejection of its dependency upon gue 


al to the alternate RT, 


n negative recency because of 
guessing 
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habits hypothesis is still uncertain, so is the status of her model. eco pede 
rather abruptly dismiss a repetition effect model, saying Lr a repe en 
reflects “. . . not properties of decision processing, but properties of a p ae Red 
which has not fully come to rest between trials.” If a tg: - n 
reflect properties of a decision processing system what then does it mer j ". 
major criticism of her model is that it makes no predictions for long dari c. vitli 
and certainly does not seem to be adaptable to the data for the 2 Seer andie rele id 
prediction conditions presented here. Bertelson's (1963) model is also su ds ums 
similar difficulties in explaining the run curves for the 100 and 600 millisec. con e 
His model uses a classification system which asks a repeat question first, and then, i 
a two choice condition, will ask redundant questions if the answer to the gt : 
question is negative. This model does not explain the steady decrease in ve ni 
the first four run positions in both roo and 600 millisec. conditions, the dif pe 
“terminal” values at which the runs level out or the fact that the repetition e - s 
persists longer the lower the compatibility of the task. Bertelson assumes dur 
trace persists of the previous stimulus and decays with time, thus explaining why ed 
repetition effect does decrease with time, as the repeat question cannot be ae m 
reliably. However, it is necessary to add an additional assumption that the Lie 
persists longer when the coding operations are more complex. The steady decrea 
in RT with successive repetitions to a terminal value could be explained by rey 
that the repeat question is not always asked first, but that it tends to be asked m 
after being repeatedly reinforced by a series of repetitions. Thus the RT wi 
decrease to some limit set by the responding mechanism when the repeat question 
is being reliably asked. Whether any reinforcement of this repeat question would 
have an effect on the number of redundant questions necessary to classify an alternate 
stimulus (and hence on alternate RT) could be a subject for further research. 

It is interesting to speculate on the location or locations of the central processes 
responsible for repetition effects. Present evidence seems to point to some form of 
facilitation either involving the motor System or the later parts of translational 
activity. All previous experiments which have demonstrated repetition effects 
have used repeated responses with no intervening motor activity. If a motor or 
even muscular set could be preserved this might allow facilitation of à similar response. 
The effect of intervening activity was studied by Rabbitt and Rodgers (1965), who 
in a serial two-choice task made subjects give redundant responses to a “home” key 


after making a choice response. On touching the home key the next choice stimulus 
Was presented and the whole [5 


equivalent to that of Bertelson (1961). It y 
no recency effects at this delay while Rab 
recency effect. Thus the redundant respo: 
Tecency effect, which Was, interestingly enough, only 


systems (such as in We choice reaction process because there 
evidently is some percep 


Tepetition effect. 
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OVERTRAINING AND GOAL APPROACH STRATEGIES 
IN DISCRIMINATION REVERSAL 


BY 


JEAN M. MANDLER and W. RONALD HOOPER 


From ihe University of California, San Diego and Sir George Williams University, 
Montreal 


An analysis of perseverative responding, position habits, and running speed in two 
experiments on Y-maze reversal learning is presented. These behaviours are described in 
terms of different goal approaching strategies in overtrained and mastery trained rats. 
Analysis of such strategies and other behaviour acquired during overtraining is applied 
to the problem of conflicting data and apparatus differences in the study of reversal and 
transfer learning. 


INTRODUCTION 
One of the most salient features of the large and growing literature on overtrained 
reversal and transfer shifts in the rat has been the inability to find stable replicable 
yet what is perhaps most needed 


"Cu fae es transfer data are collected, 
ince theories based upon attentional variable: i s of 
relevant and irrelevant stiri dimensions (e.g, Mure ewm Dana, ea) 
amine an apparatus in terms of the kinds of dimensions that 

e kind of behaviour sequences that it 
alysis of several kinds of behaviour found 
Se processes to behaviour patterns in other 


encourages, 

in Y-maze reversal a 

kinds of apparatus, 
of the most fre 


One B 
uk salt quently re ò s 2 al 
discrimination reversal Stabler Ported types of behaviour in a two-choice visu 


OVE AININ v 
RTRAINING AND GOAL APPROACH STRATEGIES 14 
3 


types of learned i 

ypes ot. goal approachin zhi 

the discrimination E emer g sequences which both affect and are affected by 

ucl i i 

v rh kae buen used in a previous paper (Mandler, 1966) on overtrainea 

! r learning in a correction Y-maze. Pi 

gone : e. Performance was 

eoa Na = approach strategies, one, a choicepoint strategy in ete 
Lc y makes the goal entry choice in the choicepoi 

= l t oicepoint, and tw 

EAR strategy, in which the animal always enters the pu arm of the Y m 

Duis E: those trials in which the positive stimulus (S+) is in the other m 
g overtraining on visual discrimination problems, subjects gradually eiut 


the 
Er bos detour strategy and acquired a pure choicepoint strategy of goal 
ach. uring transfer to another visual discrimination (extra-dimensional 


shi : L 
ee ri C strategy remained virtually intact and was associated with 
There is ransfer. During reversal, however, the detour strategy was reacquired. 
posite some evidence of a negative relationship between the detour strategy 
eta as habits) and reversal learning. At the same time, the presence of position 
the pod negatively correlated with perseveration to the former S+. As long as 
of, post - continued to approach the former S+, it could not operate on the basis 
ey am ion habit. It was hypothesized, therefore, that increased perseveration to 
dust er S+ by preventing the occurrence of interfering position habits might aid 
rained reversal learning and thus contribute to the overlearning reversal effect 


(ORE). 
"s was decided to test these relationships by examining other reversal data 
ined from the same apparatus. Using the same Y-maze, Hooper (1967) 
les on the ORE. His data showed that the 


in ; 
oe the effects of several variab 
was more likely to occur under conditions of large 


witl 4 Š 
! correction rather than non-correction procedures, ani 
tially so between 


reward than under small, 
d that distinctiveness of 


po Red reversal but not differen n overtrained and mastery 
task ed animals. His data, therefore, provided a wide variety of results on a reversal 
pe Which could be analysed in terms of degree of perseverative responding and the 

Set of the detour strategy. Running speeds in various parts of the maze during 


Tey 
ersal are also reported. 


Proceduye METHOD 
Details in H 67). In brief, th 

of th ara d procedure are reported in ooper (19 7). n brief, the 

methoq was SOINS ien a eodd learned à black-white discrimination and its 
factorial design were: large reward 


Tever, 
sal. TH 3 ^ 
^ he variables in the 2 ^ e rewa 
rection Or non-correction procedure, distinctive 
In the correction 


250 mg.) 
Oriani small reward (37 mg.), cori E 
usunctt i ning or training to mastery. 
ctive trials, and overtraining qo pee 
cedure both goal doors 


Proce 
dure the incorrect door was locked, and whe 1 
n the non-correction pro : 
se sequence until 
Distinctiveness of 


Tetrace 

and ent l 

w er the correct goa rect 

i 2 unlocked but the pud could retrace at any point in the respon: 

Eiger d entered a goal box, at which point it was retained there. I 

cage, AA achieved by removing the rat i veen trials to a carrying 
* aad by usi - of different size, CO our, à 

fees fando ing the rat in 


Non-qi 
On-distinctive trj E ved by retain 
e trials were achie y the start box for th 


Mal inte 

i rval and using that same box 

T usin, at sa 

nad To trials a dag, Mastery trained rats began the revers, x 

Ching a criterion of nine correct trials out of 1o for two successive days. Overtrained 
ls before reversal. They were run 22 hr. hungry. 


Tats 
v " : 
vere given 200 additional tria 


4 bparatus 


e Aan consisted of a 
he start box had a gui 


semi-automated y-maze described elsewhere (Mandler, 
ding to the runway. Photocells and 


Il Th 
SS) llotine door lea! 
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timers registered elapsed times on Standard electric timing clocks; photocells were genos 
at the start box door, at the end of the straight portion of the runway, and just inside 
either arm of the Y. They measured the time elapsed since the preceding cells had been. 
tripped. Timers at the goal box doors registered times at which the goal box doors were 
touched or opened by the animal. Stimulus cards, either black or white, were placed on 
the goal box doors and along the arms of the Y to the choice-point. On half of the trials 


the positive stimulus was in the left and on half in the right arm of the Y, in random 
order. 


Treatment of data 


The data for the correction groups only are reported here, for two reasons. One, no 
overlearning reversal effect was obtained in the non-correction, small reward groups. 
Two, there seems to be no satisfactory way of directly comparing degree of perseverative 
responding between groups run by the correction and non-correction methods. In the 
former case, the animal is eventually rewarded on every trial. During reversal it 
en while continuing to run to 
the negative one (S—). The non-correction method prevents both experience with S+ 
and reinforcement during those trials the animal runs to S—, Various measures used to 


out in a gradually decaying function. Non-correction animals sh 


owed very long strings 
of initial perseverative errors, but as soon as the 


first correct response was made, 


it may make an error every time S + is on the non-preferred 


Í mastery of the original 
€ of the maze every tria 
abit was scored when an 


E ide of the maze on at least ej ht out of the 
rst day on which an animal displayed a position habit was use 
et of position responding during reversa], 


Io trials per day. The f 
to measure the ons 


RESULTS 


ed relevant data from the previous experiment 


, vies Pa a small reward, non-distinctive, overtrained n 
stinctive maste: i i um 
groups in all respects except that the im pius po iy an lie a, 


‘Stimuli were presented only on the goal box 
When the two sets of data are combined, 
d trials to reversal, y = —0:900; per- 


its, pi=agunae ae et of 
position habits, 7 = 0-776 (5 < oot in all me trials to reversal and ons 
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TABLE I 
Mean day to Mea: 
lay | n first Me 
reach criterion correct trial iP. see abe 
S 
Over- Over- Over- 


trained | Mastery | trained | Mastery | trained | Maste 
I ry 


me distinctive 3d 944 14-0 19:5 
i non-distinctive .. 10:5 5. roo zi d 
Small distinctive — ..| 1 1 d 2r 10-0 65 14 
*Smal monadi ietie e| 138 154 aod $5 De 31 
all non-distinctive 17:9 19:1 8 x E 44 2:5 
5 44 2:0 


* Data taken from Mandler (1966). 


asures of perseveration, position 


A " 3 
nalyses of variance were performed on the me: 
Degree of training was the only 


habi Á 
iie oe trials to reversal for the eight groups. 
increased cioe qu consistently a aper d source of variance. Overtraining 
reward (F pe of reversal learning (F = 23:96; d.f. = 1:56; p < 0-01), as did large 
Aft jx 446; d.f. = x, 56; $ < 0:05), and distinctiveness of trials (F = 4:09; 
reward Ay p < 005). There was an almost significant interaction between size of 
iet nd degree of training. (F—372 df.= 1, 56; b= 0-06), suggesting that 
master ward affected overtrained performance somewhat more than it affected 
abits y performance and thus contributed to an ORE. In the analysis of position 
, overtraining was associated with later onset of position responding (F = 17°58; 
= 681; d.f. = I, 56; p < 005). 
f training was a significant 
with greater perseveration 
also be ^ d that large reward would 
signifie associated with greater persev i le did not approach 
ance (F = 1-27; df. = 1i, 56). Thus, the only variable that consistently 
n, and position habits, was degree of training. 
in the following parts of the maze: speed in 
(Fir d of making the first choice of alley entry 
st Choice Speed), speed of making correct alley choice (Correct Choice Speed), 
Correct Choice Speeds and First Choice Speeds 
on and the reversal for combined overtraining and 
Figures I and 2 respectively. 
ds during reversal showed that both large reward 
d speed significantly on all five speed measures. 
but its effects varied in 


ue of training was also a significant source of variance, ari 
S asia parts of the maze. f speeds associated with overtraining is 
m to that reported by Mandler (1966). 

Vertraining increased speed in leaving the start box (F — 6-01; d.f. = 1, 56; 
S 0-05). On speed in the runway there was an interaction between degree of 
esu ng and size of reward (F = 482; df. =T 56; $ « 005). Overtraining 

" is in faster speeds in the runway only for the large reward groups. 
E Figure x shows that overtrained groups Were slower in making the correct choice 
ai 6-63; d.f. = 1, 56; P < 0:05). They were also slower 1n entering the goal box 
= $17; df. = 1,56; p < o:05) Thus, overtraining resulted in faster running 
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speeds during reversal in the early portion of the maze sequence and produced slower 
speeds in the portions of the sequence having to do with choice behaviour. 


FIGURE 1 
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Correct Choice Speed. Mean daily speed (averaged o 
alley for overtrained rats (N 
and reversal. Values on the 


ver To trials) of entering correct 
= 32) and mastery rats (N = 32) on original discrimination 
abscissa indicate days of learning. 


correlated with position habits. In Hooper's 
liminated during overtraining on task r, bu 


During reversal, behaviour in the 
trained and mastery animals, Figure 
the proximity of the stimuli, slowed do : 
task was learned, While mastery animals remained at the same speeds attained during 
original learning (F = 6:60; d.f. = 13, 728; p <o-or). 


Discussion 
The relationship between perseverative responding, delayed position habits, and 
rapid reversal learning previously noted in the Y-maze has been replicated in this 
study. It was suggested that perseveration is related to speed of reversal learning 
by virtue of its role in delaying the onset of interfering position habits. It is quite 
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FIGURE 2 

2a} s 

zst- 
EI 24l- 
> 
b 
& 
BB 
$ 
z 
3 
= B 

o—o Overtrained 
"T e—e Mastery 
lh a es El l EN c 
! 5 10 15 20 24 1 n 10 14 
Task | Reversal task 


eed of making first alley choice for all overtrained 


rimination and reversal. Values on the abscissa 


First Choice S i 
peed. Mean daily sp 
Tats and all mastery rats on original disc 


indicate days of learning. 


everative tendencies and position habits are 
d to some other factor, such as attending to the 


Possible, however, that both pers 
hat after overtraining, animals 


independent of each other and relate 


ean) discriminanda. Mackintosh (1962) proposed t 
ould continue to attend to the relevant stimuli and thus learn the reversal task 


dtes whereas mastery trained animals would abandon the relevant dimension 
uring reversal and try out various other "hypotheses" before finally relearning to 


Pay attention to the relevant dimension. ; 
t The present data are consistent with such a model of the ORE. Perseveration 
9 the former S- can be taken as direct evidence of paying attention to the relevant 

tion habits in a visual 


stimuli. It can also be argued that the presence of position habi s 
Iscrimination indicates a lack of attention to the relevant discriminanda. Since 


Overtrained animals show more perseveration and spend more time in the choicepoint, 
and mastery animals show more position responding and spend less time in the 
Choicepoint, an explanation of the ORE in attentional terms would seem at hand. 


Owever, the relationship between position habits and attention is complex. Rats 
ide of the maze and at the same time pay attention 


often consis 
to the eae js at get one of them) as evidenced by errorless performance. 
evertheless, the tendency to go to one side of the maze does increase the likelihood 
Of errors on that side and thus implies Some lack of attentiveness. This is especially 
true of mastery trained animals in the early stages of Y-maze reversal learning. 
; he most typical pattern of errors is a brief spurt of responding to the former S+, 
followed by a consistent position habit with an error each time the new S+ is located 
in the opposite arm, and finally the gradual reduction in errors as the rat stops short 
of touching the Xncorrect door. This type of detour strategy seems to produce errors 
rough sheer momentum; the rat bumps into the wrong door before it can stop 
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itself and turn around. It may also train the animal to pay more attention to S— 
than to S+, since it is only in the presence of S— that it must execute the fairly 
complex response of slowing down and turning around. , 

A choicepoint strategy avoids this source of errors since the choice behaviour 
takes place entirely within the choicepoint. It also tends to focus the rat's attention 
on both discriminanda at the same time. The latter advantage should show up 
primarily in shift or transfer learning, since continued perseveration during reversal 
tends to break down the choicepoint strategy. We 

The type of apparatus will influence the orientation of the animal to the stimuli 
and thus will influence the way in which the choice is made. Non-correction 
apparatus, such as a maze with doors to prevent retracing after the first choice is 
made, or a jumping stand in which the animal is retained on the incorrect platform, 
limit the range of choice behaviour open to the animal and prevent close contact with 
both S+ and S— on the same trial. This restriction presumably has an effect 
similar to that of the detour strategy in a correction Y-maze, namely, to emphasize 
the process of avoiding S—. In other words, apparatus differences which affect the 
pay-off for a correct or incorrect choice can be expected to affect the relative 
importance of S+ and S— in the learning process. Advantages and disadvantages 
for studying discrimination learning can be put forth for each of these experimental 
situations, but the point is that they not only emphasize different aspects of the 
discriminative process, they may also by their very nature affect variables influencing 
the discriminative Process itself, such as the probability of attending to one or both 
stimuli. 

One example will suffice to illustrate this point. In his study of reversal and 
nonreversal shifts in a jumping stand, Mackintosh (1962) found that overtraining 
increased speed of reversal, increased initial perseveration to the former S--, and 


decreased the number of Position responses. These data are congruent with those 
presented here. However, on a Shift from 


stripe discrimination, overtraining resulted i 
greater number of position responses ( 


Reudcenos. These results are direct] 


apparatus lead to different ways of approaching 
e _Overtraining in the Y-maze produces a well integrate 
© ot responses leading up to and including the choicepoint, a sequence which 
: anning of the relevant stimuli When faced with another 
ie j : i en faced wi 
k the animal continues the overtrained Sequence. If the second task is a reversa! 
à ly persistent since the choice 
ell integrated sequence) eventually breaks 
If it is a visual transfer task there is note 
rapid transfer the result, the overtrained choicepoint sequence, wit 


ward a position habit. Whether or not & 
hypothesis, an attempt at solution, or a tyP€ 
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of i iti 

xcd + ie strategy, it is not a very efficient way of learnin i 

"There ma on; The animal receives information from only one E ar dum 
pos ity also needs to be explored that this sequence produces more atus 


to S— than to S4-. 
A jumping stand seems to foster position res i i 
E a 1 ponding. Durin a 
ec ms E by overtrained animals would have The same Kee 
ip ig T ek 5 , to prevent position responding. Therefore, reversal data would 
iffe Sn the Bs Vene er data, in the absence of the old stimuli, could be expected to 
ie di € situations. The return of position responding in the jumping stand 
ath s 1 re he modes of scanning or other choice behaviour developed durin 
rtraining is not of the same integrated stable character as that developed in Ta 


Y-maz 
4 
s paper among the various behaviours learned 


The relationships discussed in thi 
a overtraining hold up under a wide range of conditions in Y-maze discrimination 
ing. The many replication failures, however, should alert us to the possibility 
The similarity of trials to criterion 


ut the ORE may be apparatus dependent. 

o tur data among various apparatus may have misled us into assuming apparatus 
ences are a minor factor in discrimination learning. This assumption is suspect 
on two grounds: First, trials or errors to criterion do not adequately represent what 
is learned ; and second, a subsequent learning task will be affected by the various 
behaviours, including goal approaching strategies, that the animal has learned during 
the first task. A second task, therefore, is apt to be more sensitive to apparatus 


differences than origial acquisition. 
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SHORTER ARTICLES AND NOTES 


CONSERVATION OF QUANTITY IN CHILDREN: THE 
EFFECT OF VOCABULARY AND PARTICIPATION 


BY 
GILLIAN M. COHEN 
From St. Anne's College, Oxford 


In this pilot experiment some new tests for conservation of quantity were devised. 
The experimental group given these tests was able to make correct judgements, while a 
control group, matched for age and intelligence, failed to show conservation of quantity in 
the standard tests used by Piaget. The difference between the tests was analysed, and 
some factors emerged which, it is suggested, can serve to facilitate the child's performance. 


INTRODUCTION 


Piaget's work (1950, 1952) slows that children below 7-8 years of age lack the concept 
of conservation of quantity. Essentially they fail to realize that actual quantity can 
remain invariant in spite of perceived changes in the spatial relations. Further work 
has established additional factors governing the age at which conservation judgements 
can be elicited: for example, the mental age of the child (Feigenbaum, 1963); socio- 
economic status and length of schooling (Dodwell, 1960); the nature of the materials used 
(Elkind, 1961); and the complexity of the task (Feigenbaum, 1963). It has been 
suggested by Braine (Braine, 1964; Braine and Shanks, 1965) that younger children use 
and respond to words like “big,” “more,” and “same” in terms of phenomenal size rather 
than actual quantity. Such a tendency would obviously militate against giving the 
C pa in tests for conservation of quantity in which these words occur. It was 
bi Te ae e aim of the present experiment to devise a new test which would circumvent a 

jas of this kind. This test has two features. (a) The “size” words (‘‘bigger,’’ ''more, 


etc.) were eliminated from both i i T: i 1 sked 
HO Hasta sepul instructions and responses. (b) The child was not as 


judgement on an existing state of affairs, but to perform a task bringing 
oo hei rà affairs. The scores of the experimental group given this new type o 
pared with those of a control group given the standard Piagetian tests. 


METHOD 
Subjects. 


Two groups of 10 children each were used; a control grou d <peri- 

mi $ ap, and an exp 
el EE a age and intelligence. Exact IQ scores oe ai obtained, but 
The children ee a elow average,” "average" and "above average” were used instead. 
snb EE LA us nursery school; they had a similar socio-economic background 
parents and SCR ‘ e same length of schooling. They were children of academic 
to match the eae 2 unusually intelligent group for their age. No attempt was made 
studies. Ages EAS LE sex, as the sex factor has not been found significant in previous 
was anticipated Hes SE 4:2 to 5:9. The range was limited deliberately because it 
stances, while older o younger children would show no conservation under any circum- 
Materials. In taste might well Show it under both procedures. 
X, were used. The imi Rus A'and B and B' two identical glasses referred to as X, and 
glass, Y, was of height mensions were—height = 3} in. and diameter = 1j in. A third 
Sweets (Smarties) were a E^ diameter = 2} in. For tests A and A’ small coloured 
poe plasticine, . or tests B and B’, orangeade. For tests C and C, 

voceduve. Tes i ; 

was randomized ior UR eine SUE were strictly standardized; the order of the tests 
of his responses. This Eee ; and no information was given about the correctness 
work shows that tasks involve Considered especially necessary since previous 
easier than tasks ES wor g Iscontinuous quantities (beads, counters) are found 
tests has been found to occur (Smedalm dantes (clay, liquids), and transfer between 
performed tests A’, B’ and C’. Each nil "90r. Each child in the experimental group 
Test A. The procedure is as d child in the contro] group performed tests A, B and C. 
identical glasses X, and X. H ue by Piaget. The child was shown the two 


: e fill i n 
sweet in each hand, and dropped dian iru uie. Dueb 


usly into the two glasses. He continued 


—— Á— 


— 
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to do so until the experimenti i 
; i > er stopped him. The glasses then had i 
> e E Fulk: i In S the child did not fully understand, he eed zum ud 
qual quantities in each glass. After he had ; " 
the same amount, the experi : peek d ut 
; r , the e perimenter transferred the contents of glass X, 
g eei hae per dimensions). X, and Y were placed together, dud the ed E sf 
Kod rA Dye more or are they both the same?" In order to minimize Eaten “af 
ee : lity, aaa HIDE attention, the form of this question was randomly BE "a 
rol tests. e alternative form was "Are they both the sam 
oe um ?" After his response, the child was asked ‘Why do you eed » 
eu. T a The experimenter showed the child the glass X, containing 25 ES H 
seep A: ild ‘‘We are going to pretend that there are two children, Mary and Tomm: 5 
e have to share out some sweets between them. We have to be absolutely fair, et 


else there'll be a terrible indicati 
quarrel! Now these (indicating X. ) are Mary's sw 
weak you to put Tommy's share in this glass (putting the empty i Mrd 
sure you make it absolutely fair.’ The child could not proceed by counting the 


bei in X, since not all were visible, and was therefore forced to make a spatial, not a 
oe judgement. He was given plenty of time for the task and could revise his 
A tres until he was satisfied. He had unlimited supplies of sweets to work with 
sa a he had finished, he was asked “How did you judge it?" If he had attempted to 
E ch the contents of the glasses height for height, his response was scored as non- 
onservation. If, on the other hand, he had clearly allowed for the greater width of Y, 
onservation. ? 
Test B. The child was shown the glasses X, and X, filled to the same height with 
they were the same. The experimenter transferred the contents 

then placed together, and the child was asked 


the same questions as in Test A. 

Test B^, Instructions were as in A’. The experimenter showed the child the glass X, 
containing orangeade (t i in Test B). and told him "This is Mary's 
Share," He gave the chil de and told him to pour into glass Y a 

lies to work with. He was asked 


fair share for Tommy. Again the c) 
to explain his judgement as in A’. Scoring was also as in A’. 
Test C. Equal balls of plasticine were shown t ild. He agreed they were 
sage shape. He then asked 


equal, The experimenter then deformed one ball into a sau 
the child “Is one bigger or à as before, and why he thought so. 


re they both the same via r 
Test C'. The child was S ng shapes—one sausage, 


hown five pieces of plasticine of vary? 
two tiny balls, one round cake and one flat square. The balls were equal; the sausage was 
equal to the cake plus the square. The child was t 


old the pieces represented chocolate. 


FIGURE 1 
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VERBAL LABELLING AND LEARNING STRATEGIES IN 
NORMAL AND SEVERELY SUBNORMAL CHILDREN 


P. E. BRYANT 


From the Medical Research Council, Institute of Psychiatry, Maudsley Hospital, 
London, S.E.5 


The effects of verbal labelling of colours in a simple colour sorting task were examined 
vere severely subnormal and normal children of 


in an experiment in which the subjects v 

equivalent mental age levels. Tt was found that the effects of verbal labelling are 
relatively specific with severely subnormal subjects in comparison to their normal controls. 
It was also shown that this effect can be explained in terms of the relative independence 
with which the two responses in a sorting discrimination are learned by severely subnormal 
subjects both with and without verbalization. 


INTRODUCTION 


The aim of this experiment was to examine the effects of verbal instruction on the 
learning of a simple discrimination by normal and severely subnormal children. Previous 
studies (Bryant, 1964; 19654; 19650) of transfer of learning had provided evidence that 
the effects of verbal labelling are relatively specific with severely subnormal subjects. 
Overt verbal labelling in the initial task had improved the performance of the severely 
Subnormal subjects in that task only, whereas it had improved the performance of the 
normal subjects in both the initial and the transfer tasks. Mex AME uw 
1 It was suggested that similar effects ant so be oa wo > Ee ee 
earning ta ipio P were made to verbalize about the re evant stimulus 

g task, in which the quB verbal labelling has relatively specific 


aspects. In order to examine the possibility that 4 4 
effects on the learning of a discrimination by severely subnormal subjects, an experiment 
rmal and normal subjects had to learn a two-choice 


was designed i i verely subno par 1 
Sorting ee ic cm S RIVA two colours. The two groups were divided into three 
Subgroups, one of which received no verbal instruction, another verbal instruction (which 
had to be repeated) about both the colours, and the third instruction about only one of 
the colours. It was predicted that the main difference between the two groups would be 
in the pattern of the scores of the third subgroup. Verbal labelling Es ona coloni would 
increase the number of correct p HEU mi ye: S 
the number of correct placements by subnorm e colour which was labelled. 

S predicte 


The pattern of learning score : 
sioe ipei ilitate learning of the other. The 


lacements by n! 


A ible expl d a post test was 
Jr order io bent e vo PSY after the initial test. In i pos es 

had to be placed in 
Tce ie bee lone d me vhi ; Mrd the Ped box. 
M same box, while a new colour Led Sidus whi e placed in these 

in: i i i OS . 2 3 dj 

two ee m een task are built up independently the existence of an 
established response would not facilitate learning 


PROCEDURE 


land a normal group. The severely 
a severely subnortuti bnormals, and th 1 
Subnorm: i school in an institution for subnorma's, an he norma 
children = mae a *chool. The two groups were equated in terms of mean 

:A. of the vede T the mean C.A. of the normals. Both groups were subdivided 


into three subgroups, each consisting of 10 subjects. These subgroups were distinguished 


There were two groups, 
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f these results are presented in Table II. , The analysis of the mean error 
erc prem subgroups is ae in Table IIA. This yielded a a ixi E. 
Subgroups interaction (p < 0:05). #Tests on the basis of this analysis s oo NS) 
significant differences between the groups in the No-instruction subgroup (¢ = o 4l banni 
and in the Double-instruction subgroup (f = 0:624, NS), but did show a pa m Ee 
difference between the two groups in the Single-instruction subgroup (t = us S 
0:02). This showed that the subnormals made significantly more errors in this TOP I 
only. Ananalysis of the type of errors made by this subgroup is given in Table ENS 
this analysis the Response term refers to differences in errors made with the colour un 
which instruction was given and with the colour about which no instruction was peer 
The analysis yielded a significant Groups x Response interaction (p < 0-02 5) showing i 
severely subnormal subjects made significantly more errors than normals in placing 
colour about which no instruction was given. 
Post test 
In the post test one colour only was held constant from the initial task and a new one 
introduced. The only difference between the subgroups was that with the subjects i 


the Single-instruction group the colour held constant was always the one about which a 
instruction was given. With the subjects of the other two subgroups the colour he 
constant was systematically varied bi 


etween subjects. The results of the post test are 
given in Table III. 


TABLE III 
MEAN Errors IN THE Post TEST 


Severely subnormals Normals 


No-instruction subgroup No-instruction subgroup 


pl mee ae ee 
Mean S.D. Mean S.D. 

Established response ., o:8 0:98 " a 

Novel response .. 21 me eh ae 


Double-instruction subgroup Double-instruction subgroup 


Mean S.D. Mean S. Di 
Established response ., o s 
ovel response .. ss 24 ihe P des 


Single-instruction subgroup Single-instruction subgroup 


Mean S.D. Mean S.D. 


0:89 r8 


Established response o8 
ovel response 


However, in both 
placing the novel stimulus 
ts are gi i 

severely subucest Single-instruction Subgroup in Table III. This table 
was found in the other two subnormal Fa a this Subgroup showed the same pattern as 
than ae established response, However. ‘the scores of Qus more errors on the novel 
were different from those found in the oth s DF the normals in this subgroup 


€r two normal Subgroups. In this subgroup 
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normals made more errors than the subnormals on both respons is di 

à i t es: this di " 

p eh aa E evident with the errors on the established Ac Ms n 

E eR] in icate that, when single instruction was given, normals are relativel; 

n bee d in carrying over toa second task the response about which no inse 

dae E ee : Since this pattern is different from that found with the No-instruc- 

E e e-instruction subgroups, it can be suggested that, in the Single-instruction 

EIU UN unlike the subnormals, paid relatively little attention to the 
d espe a oe in the initial test, and in fact learned this task on an “‘a/not a'' basis. 

Table m P est results were subjected to analyses of variance, which are given in 


TABLE IV 
Posr TEsT ANALYSES 
A 
ANALYSIS OF THE No-INSTRUCTION AND DOUBLE-INSTRUCTION SUBGROUPS’ SCORES 
Mean 
Source square d.f. F P 
Groups eU 9:112 I 
Subgroups .. 1:012 I 2:254 NS 
Responses .. a 19:012 1 
Groups x subgroup 0:613 1 1:365 
Groups x responses 6:613 1 14:728 ossi 
Subgroups x responses ys 0:113 1 0:252 NS 
Groups x subgroups x responses 0:612 I 1:363 NS 
BPW G: s ae 2 =| iD 36 
Residual .. " e "EC 36 
B 
- ANALYSIS OF THE SINGLE-INSTRUCTION SUBGROUPS’ SCORES 
Mean 
Source square d.f. F P 
|. e TE 
Groups 3:600 1 0:870 NS 
Responses X | 4900 1 6:070 0-025 
roups x responses " - 1:600 1 1:985 NS 
BPAVG. OP "x. T0599 Ld 
à s E 


yi 14:500 


Residual |) 100 


to differences between the established and 

the ped. MES ee ig a Se a these responses. The post test a 2 
the No-instrncti im Wd Double-instruction subgroups were analysed togra he 
analysis is ee in Table . This analysis showed a ed AR bas 2 
sponse recton (p < 0-001), which was due to the fact that alt ough eles s 
made roughly th: amount of errors with the established ar ne 
More errors da EN eie ] response than did normals. The analysis © ie pos sea 
Of the Single unereustion subgroup were SB separately, since for these SEEDS 
Ty ablished res peni ee over was always the one about which no MO on i em p 
dd analysis, given in Table IVE, m only eer oe dificult Ed However, 
When the eror. o ae Ee novel Single-instruction subgroup with the established 


Tespo inst i rror scores made by the normal No-instruction 
Ponse were / tested against equivalent Of nificant in both cases (f = 2:12, p < 005; 


a 
nd Double-instruction subgroups, ty 
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s T 1 

i i yi als are relatively handicapped 

= 2:43, P<0-05, respectively). This showed that norma i landi : 

after Ss Lectio in carrying over an established response to a new task, when this 
response is the one about which no instruction was previously given. 


DISCUSSION 


Four main points should be made about the results of this experiment. The um 
that both groups learn a simple colour sorting discrimination at the same rate, 4 
benefit to a similar extent when both colours are verbally labelled. — 

The second point is that the effect of verbal labelling of only one of the co QUIS m 
relatively specific with the subnormals in that they make more errors than norme. n 
this condition, and this difference in error scores is confined to errors made in placing 

vhich is not labelled. 

o d point is that this relative independence in the learning of the two palme 
appears not to be a function of the introduction of the single instruction. The pos d 
results indicate that when one colour is held constant and a new colour introducen 
subnormals make considerably more errors with the novel than with the establisbr. 
response. Thus the subnormals, in contrast to the normals, appear to have to learn d 
novel response independently of the established response. Since no instruction bi 
given during the post test, this is evidence that subnormals learn the two responses in 

sorting discrimination relatively independently whether instruction is being given or ERE 

Finally, there was evidence that when single instruction is given, although norma 


learn both responses rapidly they are relatively handicapped in utilizing the response 
about which no instruction was given in a post test. 


This result suggests that the 
non-specific effects of single instruction in normal subjects are of a special kind, in that the 
two habits are learned on a ''a/not a” basis. In other words, the non-instructed response 
is not learned on the basis of its stimulus properties but on the basis of it being the colour 
about which no instruction is given. 

Hitherto work on the relationship of language to learning in children has concentrated 
on the qualitative changes in res; 


ponse strategies which are said to follow the introduction 
of verbalization (Luria, 1957) or of verbal mediatin 

1962). These results, on the other hand, suggest that it is necessary to consider the effec 
of the introduction of verbalization in terms of the 1 


to any verbalization. The post test results provided 
subjects learn the two Tespo: i i i 


whereas normals do not. It i 


It has been reported that in compari 
age levels, severel 


The author would like to ex: i i i 
3 “xpress his gratitude to the staff and children of St. Lawren© 
Hospital and Dog Kennel Hill Junior School, where this research was carried out. 
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EXTINCTION OF A RUNWAY RESPONSE FOLLOWING 
RUNWAY OR GOAL BOX PARTIAL REINFORCEMENT 


BY 


R. WILTON* 
From the Department of Psychology, University of Exeter 


Rats were trained on a consistent ien sc 
were then switched to one of two partial reinforc c ; : : 
to run the full length of the runway, another was placed directly in the goal box. les 
extinguished in the full length of the runway both groups were more resistant to extinc SE 
than groups trained only on consistent reinforcement. An attempt was made to delinea 


the conditions for a demonstration of the partial reinforcement extinction effect. The 
results were discussed in relation to frustration theory. 


nt schedule in a straight runway. hey 
ement procedures. One group continue 


INTRODUCTION 


) have introduced the aversive motivational construct 
ences in resistance to extinction following consisten’ 
reinforcement and partial reinforcement. It is assumed that a frustration response d 
anism encounters an absence of reward in a situation where a rewart 

For instance a frustratio: 
nforcement schedule. 


elicited by 
reinforcement extinction effect (PRE) is that ins 


9n à consistent reinforcement Schedule. Twi 


i were t a partia 
reinforcement schedule ; one group continued to run t xegyitehed foia f 
directly in the 


METHOD 
The subjects were 24 experimental]: naïve I roximately 
at the outset of experimentation y male hooded rats, app: 
Apparatus, The a f 

high. It had flat Pparatus consisted of a ru 


Subjects; 
4 months old 


A d 
and running times were combined an 
S was operated b: 
y a photocell situa. p y aia 


d À 
tray enabled * ENS thane: E ES ole in the floor of the 1à x 2 x 21 aa 
Sugar per 50 c.c. water) iu SD "i cent. concentrated Sugar solution (50 gm. granulate 

The pump was activated a Small fountain, Produced just below the hole by a pump: 
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for 5 min., the st 
E art door and sucrose pump having b zi 
m on the fourth day, pA for. tbe resandet of qo eu. USER 
d imited access to food for 14 hr. per day. On the si een N 
were allowed approximatel bhrpeday On the sitik ops ay orat 
- E a 2 o sec. i 5 
HS in ihe eal ei kka is d : ec. access to the sucrose solution, at the reinforcement 
EOM Training was divided into two stages. 
age 1. Each rat was consistentl i i 
jun ; nsistently rewarded in stage 1. A trial be i 
er aa 2 a rat in the start box, facing the door. Two-three sec. later Te eee ake 
Sonia ing the timer, and allowing the rat to run the runway. A break in pus 
URS ear s the ne KU activated the sucrose pump. Each rat was visa 
. 8 o the sucrose solution, after whi i i 
The rat was ee ee after which the pump automatically switched off. 
_ Each rat was given a total of 5 varded trials; i 
mini = give: 50 rewarde trials; 10 trials per day for 5 days. T] 
Den inter-trial interval was 40 min. The rats were fed ihr. after the ast Ex 
ation ranged from 16-22 hr. for each rat on each day of training. i 


Stage 2. The rats were arranged in order, according to their mean speeds on the last 
parts, and one rat from each part was 


CE 1. This order was then split into six 

aporo to one of four experimental groups. The four final groups thus showed 

ximately the same mean speed at the end of stage 1 training. 
treated differently. Groups I and 2 ran the full 
schedul Group I remained on a consistent reinforcement 
groups e. Group 2 was shifted to a 32 per cent. partial reinforcement schedule. For 
EORR 3 and 4 the last 7 in. of the runway were sealed off by a block of wood, forming a 
0f the o (GB). Each rat, on each trial, was pl d in this goal box, immediately in. front 
was veinforcement tray. Group 3 was consistently reinforced on this procedure. Group 4 
Ao pecans aa on a 32 per cent. partial reinforcement schedule. Each rat was given a 
(whi of 50 trials, as in stage 1. On non-rewarded trials (groups 2 and 4) the sucrose pump 
uas made a slight hum) operated approximately ID. from the hole in the reinforce- 
tray, thus reproducing conditions found on rewarded trials. 
Extinction, Conditions were similar to stage I training, excep 


Pump was placed away from the tray, as in the partial reinforcemen' 
ys) was given. Tf on any trial a ra 


t à 

La of 40 extinction trials (4 da: n 

run Obeam within go sec. of the raising of the start door it was remo 
ning time of 9o sec. 


t that the reinforcement 
t procedure of stage 2. 
t failed to break the 
ved and accorded a 


RESULTS 
Trainin, pout the thirtieth trial, remaining 

~ I eeds levelled off at about the i trial, 
approximately In stago bei A Mann-Whitney statistical analysis showed that 
f ferences between the partially reinforced (group 2) and consistently reinforced (group 1) 
mals were non significant in the final trials of stage 2 (trials 45-50, U = 9)- 


FIGURE 1 


-e—PR (group 2) 
-o—PR.GB (group 4) 
-e- —CR (group |) 

-o- -CR.GB (group 3) 


Reciprocal running time 


Lap NE SU. 
Blocks of five trials 
Running speed during extinction. 
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inction. The mean reciprocal running time of each rat was taken over trials 
C e rat trained on r partial reinforcement (PR) procedure showed a me 
Speed above that of every rat trained on a consistent reinforcement (CR) caret E 
Thus a Mann-Whitney analysis (U — O) gives a 0-002 level of significance (two € in 
differences between any PR and any CR group. A similar comparison of the a o iE: 
groups yields U = 15, and for the two CR groups, U — r4. Differences here do 
roach significance. - 
ks an | ape eae that the partial reinforcement (PR) procedures are equally 


effective in producing a large partial reinforcement extinction effect (PRE) during 
extinction. 


(1966). They used a procedure very similar to the present one. After prelmünaiy 

i nway, several groups of rats were subjected to 
different partial reinforcement procedures. These involved either placing the rats in the 
or placing the rats in 
In both cases, of 


specific; that a PRE is demonstrated only when both rew: 
administered contingently upon the response whi 


In the Trapold and Doren experiment the partial reinforcement of the running 
response seemed essenti i 


reinforced. The group placed at 


and the group which had to run 8 in. 
pold and Doren's experiment, must h 


1 7 a PRE, and those which do not, 
Beate E e the rats not showing a PRE always have available phe a set 
s ij éi *. P 1 b 
Tum ES ich has been previously followed either by consistent reward, or by consistent 
Consider the partial rei Procedure whereb: i à 
J 1 i t rat al box 
with their noses directly in the food cup. aed o ED. uper S signals 
are immediately available which are unambigu rae i: 
of reinforcement, Food in the cup indi 


Gar iiy, cee and the food cup.) When 
Tunway indicated ard, but Signals at the rei 


5 run on this procedure show a PRE. ; 
: e occu mann j 
available at the termination of the oes depends on the significance that the m 


assumes that the PRE is accounted 

.€sponses to antedating frustration 
ach respünao i as little meaning until the Operations are specifie¢ 
^ ] s : The phrases “locomotory responsi 
” are often used as though they wer! 
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interchangeable. This is not so. The present experiment, for example, shows that a 
locomotory response can show a PRE even when no locomotory response has been 
partially reinforced, and when there has been no opportunity for one to condition to the 
frustration stimulus. The same cannot be said of an approach response, provided that 
the term “approach response” is defined in terms of its stimulus consequences, and refers 
to any action on the part of the rat which causes a specified set of stimuli (such as those 
associated with the reinforcement tray) to be presented to it. In the present experiment, 
stimuli from the reinforcement tray were produced by the rats during partial reinforcement 
training, and during extinction. This particular approach response (along with an 
infinite number of other approach responses) showed a PRE. If an approach response 
15 appropriately defined then the present experiment does not demonstrate that a PRE 
can occur when no approach response showing the PRE has been partially reinforced: 
It does not therefore refute the hypothesis that the mechanism mediating the PRE is the 
conditioning of an approach response to the antedating frustration stimulus. 


_ The author acknowledges the help of Dr. R. Brown who contributed greatly to the 
ISCussion, 
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FRUSTRATION, PREFERENCE AND BEHAVIOURAL 
CONTRAST 


BY 


T. M. BLOOMFIELD* 
From the Psychological Laboratory, University of Exeter 


Pigeons’ pecks on both a red (left-hand) and a stri: 
reinforced on a concurrent variable-interval 2 
responses given to each key had stabilized. 
was covered, while responding to a green sti 
on variable-interval r-min. When responding to 


contrast effect in the ped 
i avioural contrast in terms of the frustrati 
effects of extinction. 


INTRODUCTION 


Behavioural contrast is an effect which appe: 
In the usual proced: ini 


nt discrimination (e.g. Hanson, 1059), * 


i One +) is correlated with reinforce 
(S—) with extinction, and S. and S— periods alterna 


responding to S+ over and above the Hes 
! (Reynolds, 1961). The contrast efte 
Shares some Properties with the frustration e 


€, 1963a, b), 
ved no contrast effect, 


Many ex erimenters (e, 
1961; Dews and Morse, 1961 ds "E. 


) have reported the d ive s 3 > 
Tesponse, and some experiments on other i 


the 
^ ag +» 1964), T esults suggest 
at frustration 18 responsible for the con 24 poses TEUTA RIEG 


A 4 n 
PFA extinction from th xt reinforceme 
ld, 1967), indicating that it may E nem 


i r 1 
d Frustration responses in a multi iable-interval 
EX i ple varia ; 
ule fees VI EXT) may be conditioned to the stimulus present during 
mod of ae to the stimulus associated with reinforcement ae 
ion, thus produci; could be increased by the motivational effec 


ieory, increases response rate to as 
Strated under the same stimulus Conde o 
EE avec ). Because of the dual nature of the concep 


ng—a specific Prediction of performance in # 
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two-key situatio: 
tua n can be made. If th $ 
a generalizati À . If the second stimulus i ; p 
eee gradient, then this stimulus should ag ie nea along 
of the multi ed ver, should still increase with th AE e rate of 
ple schedule, but the ti Ltn epres nonon UNES 
second response key. R e time spent on this key should dimini x COD 
5 y. Re pev dir iminish in fav 
generalized Racer sponding on this key escapes the aversive stimuli AM 
. o 
: METHOD 
Subjects. TY 
f e . hree locally obtained pi 1 i $ 
maintained a ) ined pigeons were used in this experi 
fiosgan uet Mi m E Ege free-feeding body keep E were 
experiment. J ights within these limits did not correlate wi 7 amS: 
All birds had previously performed in another ee of the 
arning 


experiment. 


Appar 
paratus. A standard experimental chamber (Ferster and Skinner, 1957) was used 
J sed, 


with the exception tl . a 
pellet di hat reinforcement consisted of one maple pea deliv 7 i 
Se inse At reinforcement the dispenser clicked Dadibly, the Hes eue 
bird. to sat. ^ „a small bulb over the pellet tray was illuminated for 2 sec. to allo ne 
mounted naf i were displayed behind each of two transparent response Kens 
Pecpoiidine a: pal distances from the reinforcement tray. A measure of time spent E 
tolenctherst n each key in two-key sessions was taken by having a switch from one k P 
direction, € us one timer and stop another timer. If the pigeon switched in the o e 
recorded ex his operation was reversed. Other standard equipment REET nd 
Sy perimental events from an adjoining room. ang 
N at bas Since the three birds had undergone previous training in the same 
necessary , s preliminary adaptation to the box or shaping of the pecking response was 
each res E einforcement was made available ona variable-interval 2-min. schedule on 
red chee cm key (CONC VI2 VI2)ina I-hr. session. The left-hand stimulus was a 
stripes E t ), ł-in. in diameter, and the right-hand stimulus a series of black slanting 
and the eu white background (Sx). On alternate days, the right-hand key was covered, 
this'ons ic circle was replaced by a green circle of the same dimensions. Responses to 
ey were reinforced on VI 1-min., so that about 60 reinforcements per hour were 

I of the procedure, VI r and 


eli E 
CONG VI S Both two- and one-key sessions. In phase 
appeared t VI 2 alternated for 15 sessions each, 3o in all, during which the response rates 
extinguist to have stabilized. In phase II, responses ti 
each of xp CONC VI 2 VI 2 was still programmed on alternat 
e concurrent schedule and extinction were run. Finally, phas 
ive more sessions of CONC VI 2 VI 2 alternated with 


to sae 
the conditions in phase I, and fi 


ve s 
Sessions of VI r. 

RESULTS 
during green is to increase 


When responding to the 
rence returns to its previous level. 
pent on the key) to S+ and Sr 

Response rates to S+ 


esponses 


he extinction of ri 
tripes). 


on given to Sr (s 
hase III, the prefe: 


es per key/time S 
own in Table I. 


the pi re 1 shows that the effect of t 
green gp On. QR responses per sessi 
The ee is reinforced again in p 
deno ay apone yates (i.e. respons 

§ the three phases of the experiment are shi 


TABLE I 


Re 

S 

PONSES PER SECOND TO Sn AND S+, OBT. 
y THE TIME SP. 


ES 
SSION TO EacH STIMULUS B 


RESPONSES PER 
G KEY 


AINED BY DIVIDING 
ENT ON THE CoRRESPONDIN 


Phase 


Bird 57 
Bird 58 
Bird 59 


and II, and the whole five 
under heading 


Phases I 


e sessions of 
nt on each key, see 


he last fiv: i 
t of time spe 


m 
igures are averaged over t. 
asuremen 


Sessions o: 
f Ph E 
Dbaratus. ase III. For me 
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show the usual contrast effect demonstrated before in the one-key situation, while Sx 
response rates show, if anything, a slight decline in phase II. In effect, the extinction 
procedure during phase II increases the rate of pecking on S+ when the bird is responding 
at this key; but it also increases the preference shown for the other key, Sn. 


FIGURE 1 


Pise. i " 


osr 


Beg Ai s b m 


Sa/S* response ratio 


In phase IT, respondi 
for three bios o niig to green (on alternate days) 
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9 


1959; Wagner, 1961). Anoth imi 
aoe a e d er similar result has been obtained by Fow! i 
shocked er E ae Fed pe ps rats, one rewarded in e pal Per Qut s e 
al aaa P uen Se IN ome Oo e latter group ran faster than rats in th fi 
ely that the shock conditi n "c 
results suggest that behavi ili precede es 
jour can be facilitated b rersivi rd 
es à i y aversive events. i 
ported above supports the view that behavioural contrast can be bua nS 
me 


lines. 
This research wi “hi 
Skuderiilip. was conducted while the author was on a Science Research Council 
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EFFECTS OF RESPONSE PACING ON CONDITIONED 
SUPPRESSION 


BY 


DEREK BLACKMAN 
From the Department of Psychology, The Queen's University of Belfast 


3 " " k jects, the 
In this experiment, which employed a balanced design with tw A was 
frequency of reinforcement remained constant while the rate os Mines Potes. Trai 
varied by means of a response pacing technique. At each of ue ea SEIS shaclé 
periods of noise were presented, and, as these periods ended, as igh u wa responding 
was delivered to the rat. This procedure resulted in suppression of t ie pper a snppressidi 
during the periods of noise. This behavioural change was SARE k ES of the 
ratio, essentially a comparison of the response rates in the pirsance a peat denoting 
noise. The suppression ratios varied ina systematic way during 7 S exp high, and least 
most conditioned suppression when the baseline rate of respond ing NES is one factor 
suppression when this was low. Itis therefore eoneluded that d un ecient. (TES 
determining the degree of conditioned suppression in this controlled exp 


shock 
; j pre-shoc 
conclusion is corroborated by absolute measures of responding during the [ 
periods of noise, 


INTRODUCTION 


: " " rst demon- 

The behavioural phenomenon known as conditioned suppression Nas yrs was 
strated by Estes and Skinner (1941). They found that rats’ behaviour 

maintained by a schedule of positive rej 

which preceded an unavoidable shock, t 

rats’ behaviour. Estes and Skinner attri 

anxiety, and suggested that this experi 


a 
falls 


‘an is ther 

- Quantification of conditioned SULCIS fnotiona 

thought to be an indirect measurement of the strength of the conditioned mditioned 
response. Although this interpretation may be useful, only the term “coni 

Suppression" will be used i i i 

ehavioural P 


‘tioned 
In both these experiments, adequate analysis of the determinants of condito 
Suppression is confounded b ilure to control response rate and reinforce” er 
frequency independently, Higher rat higher 
frequencies of reinforcement in Brady's experiment, and in Lyon’s study, the 


CONDITIONED SUPPRESSION AND RESPONSE-RATE WAE 


frequencies of reinforcement generated high i 
gher rates of operant responding. Ei 

or can account for both sets of results. Lyon (1965) eee rane se 
eae y Re ec ae: reinforcement frequency while varying response rates. The degree 
i y ioned suppression did not change throughout this procedure, the birds failing 
5 emit any operant response during the presentations of the pre-shock stimulus. Lyon 

herefore concluded that response rate is not a determinant of the degree of conditioned 
suppression. However, Blackman (1966) has claimed that this conclusion is not in fact 
established by the experimental results reported by Lyon. Blackman reported two 


experiments which prompted a contrary conclusion, for when reinforcement írequency 
ding at high rates exhibited more conditioned 


of operant responding were changed. Thi 


(Ferster and Skinner, 1957), the rates being increased ai 
Initially, the degree of conditioned suppression was only partial (i.e. the response rates 


during the pre-shock stimulus were lower than the control rates, but greater than zero); 
it was therefore possible to detect both increases and decreases in suppression. 


METHOD 
Subjects. Two naive male albino rats were used. These were approximately 150 
days old at the start of the experiment. They were maintained at 8o per cent. of their 
Íree-feeding weights by controlled feeding. 
Apparatus. One test chamber (Skinner Box) was used. The experiment was auto- 
mated by timers, relays and uniselector switches. Responses and reinforcements were 


tabulated by impulse counters and a print-out counter. ‘A cumulative recorder provided 
t bar-pressing. The pre-shock stimulus was 


a continuous record of the subjects' operam ; 
white” noise delivered to a speaker in the test chamber. Shock was provided by a 
Scrambled, pulsed source (Grason-Stadler E1064GS), and was delivered to the rats through 
the grid floor of the chamber. 
at P Egceaures The rats were accus 
hamber. They were then magazin e. 1 we ^ 
to a hopper in the chamber at iregular intervals independently of the subject’s behaviour. 
uring two further sessions, one bar-press w: 
reinforcement—CRF). These sessions ended 
ments. Thereafter, the experiment may be con 
phases :-— 
d Phase A (42 days): Each rat was exp! 
uration. Reinforcements 


osed to one daily experimental session of 1 hr. 
available to a bar-press at Ga vias intervals 
i i t 
which avera LT T It should be noted that when a reinforcement 
was diede Date Dy s rogramme, the tape-timer governing this did not “lock-up : 
y P ‘Sidman à : Normally, when a tape-timer 

: itis stopped until that reinforcement 

E nt experi me tape was driven 
contin ere meee available, this fact was stored by a relay 
uon esp inforcement could bestored inthis way. Thereforea 

if it fai mit a response before the next 


rn E : »i h 
Tat could miss a reinforcement Ong d er hand, a nu wd 120 pne 
aen was made id mot obiain each cn IP "experiment: the reasoning 
is arrangement was used throu ghout all phases © s exp ; 8 
NL. en if a ed adaptation to the neutral stimulus which woud mno 
Shock took place PS noise was presented for periods i eis uo y ety : nn. 
here were dieretóre seven presentations Gf the nons ee d anh 1-min eriod aides 
Were taken of the number of operant xm emitted c See eeeaes ely prec P E. 
Doise, and these were divided bY mitted in i: in ae rue P eding minute. 
is provided a suppression ratio, @ measure of any be Pon gen g rigen with 
enoise. A suppression ratio of 1-0 sd ifthe nee D EROT measurable 
effect on behaviour, i.e. the rate of response during the noise 1s ia same as the rate in the 
Absence ofnoise. À suppression ratio greater than 1-00 represents an increase 1n response 
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rate during the noise, and a ratio smaller th: 


an I-00 is produced by some degree of 
suppression during the periods of noise. 


Complete suppression is indicated by a ratio of o. 
During the last 20 sessions of phase A, conditioned suppression training took place. 
The independent variables were as for days 20 and 21, but as each period of noise ended, 
an unavoidable shock was delivered to the subject through the grid floor of the chamber. 
The shock generator was set to deliver a shock of 0-5 milliamps. intensity and 0-5 sec. 
duration. Suppression ratios were calculated as before. 


Phase B (30 days): The two rats were now 
reinforcements continued to become available on av 
for rat 1, only a response which occurred more th 
the previous response could be followed b 
be specified as VI-} pacing (1) and Skinner, 1957, p. 49$). 
Note, however, that there was no occasion in the present experiment when every response 
to satisfy the pacing requiremen: i in the experiment 
periment, rat 2 was exposed to 
c i € i.e. reinforcements became available 
at intervals varying about i-min., but could be obtained only by a response which was 

ut less than 8 sec. after the immediately preceding response. 
ions of this phase, the conditioned suppression training was 
essen e pre-shock and shock stimuli as were used in phase A of the 


Phase C (30 days): The schedules were now 
to sessions of VI-4 


€ pacing (1) 5-0-8-0 sec., and rat 
During the last ro sessi pee chs te 


H à nditione 
was reinstated exactly as in the earlier phases. toned Suppri 


RESULTS 
FIGURE 1 


Phase A 


Phase B 


Phase C 
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TABLE I 
SUMMARY OF RESULTS 


EEE = € —À 


Rat r Rat 2 
S' per min | R.p.m. SR S*perimin.| R.p.m. SR 
mee à x 1:96 464 0:43 1:97 40:1 0-28 
ines. G is 1:98 78-6 0:00 1:94 8-8 0:70 
m I:0I 12:9 0:72 1:98 90:6 0-05 


BU uu. udo o. OH f 


red 1 summarizes the results of the experiment. The figures recorded for reinforce- 
I (s ; iris (S¢ per min.) and responses per min. (R.p.m.) are the means obtained 
Cagney ast five sessions before conditioned suppression training began in each phase 
are the us aptation to the noise stimulus was begun in Phase A). / Suppression ratios (SR) 
Gf dots or obtained over the last five sessions of each phase, i.e. from 35 presentations 
SS nd shock. The data provided describe "steady states'' of behaviour, for varia- 
unn ient and asystematic. 
ents of cur ivi a zi in Fi 3 i 

summarized F es M record are provided in Figure 1; these illustrate the results 
M pe ee the suppression ratios obtained during adaptation to the noise in phase A 

about r-oo. This reveals that the noise stimulus alone produced no measurable 


eff k 
€ct on the subjects' operant behaviour. 


T DISCUSSION 
of v. des ‘simple pacing technique used in this experiment is certainly an effective method 
constant © response rate while the frequency of reinforcement is maintained at a fairly 
timin. value. The two animals quickly adapted their behaviour so as to satisfy the 
ea d cdHirements introduced in phases B and C. It should be added, however, that 
Ee as less stability within sessions in phase C. Rat 1, for example, made a small 
er of bursts of responding in the otherwise well-regulated behaviour. This might 


& i 3 
interpreted as a result of the prior exposure to a schedule which reinforced such 


[3 Y 
t aviour in phase B. The overall mean rates of responding obtained in phase C reveal 
whereby the tape- 


hat i £ 
renis irregularities were very occasional. The contingency W 
mmer governing the schedules did not “lock-up” in the conventional way when a 


rei 7 y 
a orcement was made available helped to minimize changes in reinforcement frequency 

ghout the experiment. In a preliminary experiment similar to the present work, 
Tt was then found that “lock-up” 


ime abe programmer was used in the normal way. j 

Was pac ated throughout the experimental session, especially when the response rate 

On this ed to a low value. Consequently, fewer reinforcements were available to the rat 

was a and a clear analysis of the results in terms of the effects of response rate 
ible. 

ment Table I it is clear that the suppression ra y 

- With both rats, the highest response rate was accompanied b 


Suppress; 3 
PPression, and the smallest degree of suppression 9 1 
which almost certainly occur, are counter- 


re seem: E 
em ; s that response rate 1S 
phasized by the results of this experiment. 


ratios 1 
ing i are a relative measure of responding during 


e ^ è 
Mee response rates would produce changes in the suppression ratios. The present 
are not such an artefact, however. With both rats, the highest control response 
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rates were accompanied by the least amount of San during the pre-shock stimulus 
i as well as by the lowest suppression ratios. 
» Sie nm» as pl the Heres offered earlier (Blackman, 1966) that S 
rate is a determinant of conditioned suppression if the frequency of zem oropmen A 
controlled. The repeated observation that high response rates are accompanied Mi i 
conditioned suppression may appear to contradict the results reported by Brady (1955) 
but it is crucial to realize that Brady failed to control reinforcement frequency in me 
experiment. This variable might also affect the degree of conditioned appres on a 
Lyon (1963) has suggested. However, it is also clear that Lyon’s proposal is a R 
y the present results, for Lyon varied reinforcement frequency but failed to co} d 
response rate. In fact, it seems that reinforcement frequency must act as a determin: 


Suppression, despite the fact that it took the form of hi 
now shown to be more easily disrupted by the procedure. 
prudent to confirm the previous findings concerning the effects of rei 
without the contaminations of the accompanyi 
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APPARATUS 


AN AUDITORY AND VISUAL TIME MARKER FOR 
CLASSROOM USE 


BY 


P. J. COUGHLIN 
From the Institute of Experimental Psychology, University of Oxford 


Many situations used for classroom practical work require an easily manipulated time 


Signal for presentation to either experimenter Or subject. The traditional metronome 


suffers from the disadvantage that its volume cannot be controlled, with the result that 
it is difficult for more than one experimenter to work in a room at the same time. The 
Auditory and Visual Time Marker" has been developed to overcome this difficulty. 


It generates visual and auditory signals at predetermined intervals (ranging from 0-25 
The auditory signal may be 


to 10-00 sec.) which can be selected by setting a dial. r 
Presented through headphones or through a loudspeaker. In the latter case its intensity 
may be varied. 


FIGURE 1 
5 MQ LIN 
sl 5K 920 K 
42 MQ [step 
240 V 
^ 


3 High impedence 
ng speaker 


i scillator with its own 
The circui in Fi la aor oe F. capacitor 
150 y, Puy own TN : he timing cipum pon EA EE cre, neon. 
o NA i 
teed via a a2 ble ids of resist : trent to earth via à loudspeaker 
e neon eners is light signal and the discharge CU 
Produces is swi t ition B 
the sound signal hones, Są is switched to positi i; 
If Sete through headphones, “a : dent 
thus ere m 5 m. Volume of the signal is constant and depende 
Fi intern a J 
e impedance of the headphone? used. s work involving time 
sam his instrument has proved Very success 
pling and pacing. -n Figure 2 is 
only 1, Completed instrument shown 1D igu 
Y minimal workshop facilities to produce. 


The 
ful in practical clas: 


relatively inexpensive and requires 
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BOOK REVIEWS 


Patterns of Red 
undancy: A Psychologii i 
E! í e) 1 gical Study. By A. C. 
m University Press. 1966. Pp. viii 4 ik iita — aaa 
atterns of Redundancy i atio 

and less A cy is an attempt to develop the relationships betw i 

af I N arbara ee of the i ae [redundancy] as they are VER La Pa hier 

: n, di: ination, recall, and classification." Th 

1$ concerned with developi » ute RES 

a e ng several measures of redund: y. i i CD 

is pOSibIe Le red ping easu undancy. Staniland claims that it 

Tn ich asure redundancy objectively, with no considerati f i 
the actual sample is tak i REED NEU. 

EA Ege ple is taken. He most closely considers psychologi <peri 

Gee i Po the sample consists of those stimuli actually disi et Os He 

ben eee of bas book is that the redundancy for such samples can be objectively 

easur out reference ject’s ideas i 

stimuli might i mt to the subject's ideas as to the ensemble from which the 

t deren i Sets up a great number of different measures, all giving answers in per 

iens SI MES There are three main types of redundancy: L, S, and E È S 

GERS almost as soon as it is introduced; S, including O and 4/O, is discussed on some 

tnde ut no use for it is ever suggested; while L, including D and Dmin, is used for any 

Seduta manipulations. The S series is based on the fact that the information in a 

US ant message could be transmitted with fewer different symbols in a message of 

ame length, while the L series is based on the fact that the information could be 


tra itt : i 
es with a shorter message using the same symbols. He does not consider the 
hat redundancy might be related to the comparison of the uncertainty of the message 
ailable using the same length and the same symbols, 


ien the uncertainty av 
A p atation from this (standard) notion of redundancy is numerically the same as using 
be set and in fact forms the basis for the D and Dmin measures. Admitting the usual 
pe of redundancy would have halved the length of the book right away, since the 
is e would have been unnecessary, and the D series would be seen to result directly 
S ariations in the implied ensemble. 3 
E Staniland does not admit that a measure of redundancy requires an implied 
admit le, and devotes a good part of the book to attempts to show the contrary, he cannot 
it the uncertainty ratio concept of redundancy as valid. Nevertheless, it becomes 

i of Staniland's measures 


have been Hd ) 
thesis not proven. Failure to demonstrate the 


It will be clear ink the major 
x esis is no reason w at ee a oe In fact, it might be a good reason to recommend 
ag if the thesis were well argued, and the book interesting to read. Controversial argu- 
ents are one of the ways a science progresses. This book, however, is written in an 
r example "'It is a twist of language by which 


almost uni d 5 
nintelligibl , as witn Fn å OS 
Hes tend to peak E TUM EU i to specificity as itself specific (p. 137), 
Behaviour according to cl 
It issues in the E Ed Em Sin 
e display” (p. 136), or in discussing the presentation 
art of th pA e Dirt larly relevant are on the relational 


€Xperime: 
nter. of uncertainty is very difficult to follow. Four years after 


Garner’ i is, to which Staniland oft 
s ; , Psychological Concepts, to w en 
Uncertainty and Structure in es 2 i i ical t that this book was developed from 
plished. The book is also carelessly 

explanation is needed. Both 


straint, Or 1 n 
: Xn) for the total constraint among many 


y) for U(X: Y), and H(X, Y) for the joint 
vely on the following pages, 


ertainty, con 
to U(X: Xa; $ 
d introduces T(X : 

symbols extensi 


Aes 
“tiables, Op p, 24, Stanilan 
uses both 


u - 
Reertainty of XY pairs. He 
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though on the next page the joint uncertainty has become H(X;Y). Thirty-seven pages 
later, by which time the transmission has become T(X : Y), and the total constraint has 
been introduced without explanation as T,....c, one of the appearances of T(X:Y) 
triggers a footnote, explaining that he did not want to use Garner's notation because it 
“depends a great deal on differences in punctuation." By the time the book is finished, 
T has appeared in another guise, T(X, Y). One might almost sympathize with Staniland's 
comment, were it not for the fact that the chosen notation relies just as much as does 
Garner's on punctuation. I could go on at length about the difficulties introduced by the 
notation, style, and faulty argument, but lack of space forbids. 

Apart from the unproven claims for objectivity in the measurement of redundancy, 
there is very little in this book that is not more carefully covered by Garner. My 
recommendation to prospective purchasers of Patterns of Redundancy is to buy Uncertainty 
and Structure as Psychological Concepts instead. M. M. TAYLOR. 


Signal Detection Theory and Psychophysics. By David M. Green and John A. Swets. 
London and New York: Wiley. 1966. Pp. xi + 455. 104s. 

The need for a comprehensive introduction to signal detection theory has become 
increasingly strong in recent years, and a better pair of collaborators to satisfy this need 
could hardly be found. Both David Green and John Swets were trained at the University 
of Michigan, where signal detection theory was introduced into psychology by Wilson P. 
Tanner, Jr. In the past decade, these two authors have continued to contribute heavily 
to the technical literature on signal detection theory. But in writing this book, Green 
and Swets have done much more than satisfy a pre-existing and well defined need; they 
have in the book itself created a need which they then satisfy. "This book leads as well 
as follows. E 

What is signal detection theory ? 


In the broadest sense it is a tl of behaviour, 
because while it does not directly predi "eis d i 


ct the outcome of most experi ts in which it 1$ 
2 a y n > ments in whic. 
used, it makes assumptions for its use which are clearly behavioural in nature. These 


assumptions are rather few but very important: A stimulus is assumed to lead to 4 


sensory (or receptor or perceptual) process; the response made b j i ycho- 
: i cts S RUE A ; M a subject in a psy 
paysical Bramen is a joint function of this sensory process pee a decision process; 
conceptually separate sensory and isi iona 
SE y sep: y and decision processes are capable of operation: 


detection concepts. Pt), and to a de 
The authors takı 


context. When th l detection theory exists in a psychological 


assumption is made, signal detection n 
"aisi 3 c re in many cases identica hose foun 

logical ‘procaine E ee Furthermore, many “OF the mm kgs psyco 
the role of the decision p Teas red choice, are techniques which minimi 


TOCess. rhi ` 
measurement of the sensory on Us à hile these techniques do not provide separa i 
uncontaminated measure of the senso ecision Processes, they do give a reasona 


The measure of ; 
squarely i Es D ue Provided by sign. i laces it 
q y in the tradition of ien eS emen] of i E aoe tlie measure 

Trespondence b, à COSS 
from BET om ie etween response and sensory pro’ 
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indirect techni rely poi i 
minded pices ae most likely going to survive any onslaughts from more tradition- 
ER os weaknesses of this book are al: 
e are worth some special mention. 
€ p concepts in a strictly nonparametric 
EM | cust birtions The metricizing assum 
c S ME of the use of signal detection theory in psychology, so the present authors are 
ibis so ee general approach in first discussing itin a nonmetric fashion. But because 
io| and abes approach, there is little application of the more general approach to refer 
Part TE y. lies the weakness of the very real strength of the more general approach. 
relabon o 25 book is concerned with the concept of the ideal observer, especially in 
bién ef e. auditory research. The concept of an ideal observer is a useful one and has 
Rocke fh ctively used especially in relation to auditory work. The authors discuss this 
Tav oroughly because there is application to relate to. However, this material will 
much less general interest because it is So specialized in the sensory-energy problem 


areas. 


so its strengths, and three such paradoxical strength- 

In Chapter 2 the authors discuss signal 
fashion, without the use of the metricizing 
ption was actually made at the very 


llustrated in all of Part III, especially in 
1] detection theory are discussed. 


ams again the authors have 
all ee certainly will be availabl [ 
a way from animal psychoph j X 3 i 
So if pepplieation to problems of short te is having a very substantial impact. 
ever he authors had waited a few more years to writ 
prob so much more to write. But if they had not writ 
ably would be much less about which to write. 
d these techniques are here to stay, 


m Tu else can one summarize? These concepts an t 
and will almost certainly be more used in the future than they are now. So this book 
for which it is well prepared with problems at the 


ie soon be used as a graduate text, ; ] 
afi of each chapter. But in the meantime, nO human experimental psychologist can 
ord not to have a copy on a nearby shelf. W. R. GARNER. 
Acquisition of Skill. Edited by E. A. Bilodeau. New York and London: Academic 
A Press. 1966. Pp. xiii + 539- £5- TEES ae 
is book consists of the papers presented at a meeting held in New Orleans uring 
March 1965 with TES "support P grant to Tulane University by the U.S. Army Medical 
esearch and Development Command. It contains 10 main chapters each by a different 
author, All except the first and last are followed by a briefer contribution from another 
author whose rw a was to amplify and criticize the main statemen n E nn 
7 ; s of ski , 
Y A. L. Irion, outlines the history of research on Se ion wa 


- J. Unde i ther issues in 
c; [; Underwood, attempts to tie En rning in multiple 
account for learning P differences in learning and 


: E. Noble outli el to darn 
Jones addresses eec ne neglected problem of individual 1 n 
Proposes a taxonomy of skills based on these; W. F. Bang eei S 
2 Bilodeau surveys work on information à. esults of action; 

Oe factors affecting rete 
wit es motor learning in cyber 

à acquisition of skill: in particular 
Derfoy Adams, who discusses observation 

EE rd 
* [9 1 appe s m 
reviewer ria ke this the most interesting. d gives unusually clear 
remarkably lucid tre tment of all the main aspects of tracking Eu control gain. 
accounts of such diff ult concepts as A ee ae W. M. Smith have 
mith summarizes pi of the fascinating W' and his ee ntrol and especially 

One on the spatial SHIT oral relationships between display a eu Penance, PN eA 
E did effects d delayed or distorted sensory cra uad] s hem, "elusive" 

ley Pigs um as F. Attneave ee these two chapters together one can scarcely 

provocanye ities of applying à small “on line" computer as 
ntia The detailed scoring 


fail te ^ 
© be struck i otentia 

Used ck by the immense P nsory-motor tasks. 
by the Smiths to tracking Lr pen actions it would make possible, might 


and 
the measurement of parame 


rnetic terms. 
z lton, who surveys A 
E. Eon n, are both concerned rather with 


and attentio 
The present 


to different readers. D 
des a 


ifferently Poulton provi 
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well render tracking tasks extremely sensitive indicators of fatigue and stress effects, and 
of impairment due to brain damage, age, drugs and other agents. 

Each of the main chapters is a substantial piece of scholarship and is supported by 
a full list of references, so that the work is a mine of valuable information. This is the 
more so in that many of the references are to the unpublished reports of service and other 
research units: these reports are often difficult to obtain with the result that the work 
they describe attracts less attention than it deserves. 

Having said this, however, it must be confessed that the overall impression of most 
of the chapters is disappointing. Except for Poulton’s, Smith’s, and to some extent 
Jones’s they do not fully rise to the challenge of the theoretical problems posed by studies 
of complex skilled performance. Instead they merely use the results of these studies 
to further traditional approaches. The attitude is well expressed in the Preface: 


“The field of motor-skill acquisition is a part of experimental psychology and one 
of the siblings of the learning family. Those who work in the area think of themselves 


as contributing more to learning and less to motor and few investigators care much 
about motor-skill qua motor-skill.”’ 


The present reviewer profoundly disa, 
on motor skills during and since th 
and developing many, 


working in these areas today are often unaware of the an 


d Nep in this book lie on the ect a 
; TSAN Poan ealing with overall trends of performance 
instead of examining it in detail, aiming at systematic description in tas such as 

primacy-recency" rather than any more profound analysis or explanation, and seeking 
derstanding of behaviour. It is true that 


not only do better w e before, 
pats San, ee Lue he has never done before. Little or no imei dg "however, 
what was Bret oi these Kinds. The level of argument is strangely reminiscent a 
3° years ago. Indeed we were in som! 
because under the spur of Professor (as he was then) 


e i : even 
Rau beats iae t ask questions like these urgently, 


k in the pea volume is the absence of any sustained 
; industrial or athletic skills. A good deal 
, much of it, such as the work by Eunice Belbin and by E.R. FW 


and applied stud. ; 508: 
nam dc Ssary th. i EA y during the 1940s and 1959 
are to maintain their T eE this association should Contant: experienc studies 
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Readings in Verbal Learning: 

gs ig: Contemporary Theory and Research. Edited by 

Kausler. London and New York: Wiley. 1966. Pp. xii 4- 578. PAR 5 

The readings in this book consist of 5 i i i : 
3 Š k 55 photocopied articles, of which almost half 

a ie Journal of Experimental Psychology, and nearly one-third from the usaba 
eer Learning and Verbal Behaviour. They cover the years 1951-65, and the authors 
are all American. The book is intended for undergraduates with some knowledge of the 


subject and terminology. 


Verbal learning is interpreted by Professor Kausler in a narrow sense, to include 


manly rote learning studies and to exclude any work on reasoning, concept formation. 
Be seis or syntax. Given this restriction the selected articles are fairly representative 
e work; the only notable omission are studies of the different ways of assessing 
i lon (total recall, recognition, etc.), and anything on mathematical approaches to 
he subject. The topics covered include both serial and paired-associate learning, serial 
position phenomena, isolation effects; the questions of one trial learning and of the 
functional" stimulus; the importance of meaningfulness, familiarity, similarity, 
clustering, instructions to learn, and of mediating and interfering processes. The readings 
are classified under three headings, namely Acquisition (which receives the lion's share), 
Transfer, and Retention. Whilst one may feel that many of the articles assigned to 
Acquisition are also about retention little importance is attached to these distinctions. 
tary interspersed between the readings; this constitutes 


Kausler also provides a commen 
about one fifth of the book. 

It is difficult to see what justification there is for collecting together so expensively 
articles from such widely available journals. Although the selection is comprehensive 
1n its range, and the standard of the articles mostly high, this does not seem the best way 
of promoting understanding of the subject. In the field of verbal learning there are iew 
Critical discoveries or dramatic innovations. Rather one is faced with a multitude of 
painstaking but, for the most part, individually unremarkable investigations; and any 
Selection of a few articles is therefore unlikely to be very illuminating. What is more 
urgently needed is a critical account of the empirical generalizations established in the 


last 15 years, and of the implicati f these. 
" plications of thes k A / 
The i i lify the theoretical issues and mention relevant 
interspersed commentaries amps much repetition of what the authors 
traordinarily difficult 
rally bestowed with symbolic 
vhen not adulatory. Despite 
tremely lame. 
f the wide application of its 
at psychologists in other 
using rote learning 


this, Kausler's attempt to defe 

E xm simpe assertions, jt his main ed VUA is th: 

fields, e E n pud fund confirmation for their theories 

techniques. i 

án If verbal learning is to escape its SO 
psychology, it needs a livelier and 
ere are many interesting issues (e.g. the pro 


lists), but they are too often lost in the surrounding babble of nonsense syllables. 


Joanna RYAN. 


Experiments in Visual Perception. Edited by M. D. Vernon. London: Penguin Modern 
Psychology. Pp. 430- s. 6d. : 
: E i i rom the literature, should 

Thi i :ngs in visual erception reprinted from K 
OE A readings iiS are different from those collected by UE Y 
Wertheimer popoa: ( z pt 12 of them have been published since a ` 

in 1958 (exc f 

Altogether it contains 35 Paea p over experiments on the stimulus variables (form, 
A: nt) which have traditionally attracted the 
"Old Testament" classics of the 1920s and 


The first four sections (269 PP: 
oes and distance, constancy ae a 

a s - 
E ie cn FE ere: Md as often as they are quoted—to Julesz's already 

ic i isi i in 1964- l j 

eoa on binocular vision mn : es ue Menos BS can 
eand attention, dots o “and infant development) which have come into prominenct 
recent]; A ion, motiva" ave been published in the last 20 years. They may not ye 
y- Il these papers ba dge what may be gospel and wha 


1o: A » n already judg! 
Spon i ike ade r but aged somewhat In the last 10 years, and what seeme 


an 
ven sections. 
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s <a e, 
new and exciting a decade ago may appear now to have been ome tia D 
Zubek eż al.'s careful study on sensory deprivation (1961, reprinted here), T. so cues to 
remarkable perceptual distortions reported by earlier workers may no s ) 
icate as had been imagined. i . 
meon editor lets the diferent authors speak for themselves, with only zP D e 
introductory notes spread through the book to orient the reader. pone i in 
embedded in exegesis, the articles themselves have been carefully chosen et TC 
through a condensed history of the ideas on each topic. It is interesting oe 
insightful demonstrations of Koffka and Gottschaldt juxtaposed with the quoe aS 
informationally oriented measures of Gestalt-like perceptual redundancy pu nort 
made by Leonard and Anderson, with references made to Attneave and m "gone 
And the four papers on perceptual defence and subception (Bruner and Pos at fhe 
McGinnies, 1949; Lazarus and McCleary, 1951; Rosen, 1954) may not LM as each 
sceptical, but they do give a picture of the development of a line of research, 
experimenter fills in some of the gaps left by his predecessor. "en 
The average undergraduate, or research worker, confronted by 30 years o pet T inm 
research, is apt to be discouraged. This book will put new heart into him by pene 
accessible a large number of articles which are usually inaccessible, or at least eru 
sought out. It also offers a range of experimental methods and designs whose intera um 
little details are omitted by reviews and texts. By opening her files to us, Pro e 
Vernon has made her own contribution to containing the information explosion. > 


: riers of 
captures only its brightest sparks in this far from deafening report from the frontiers O 
research. 


The book is outstanding value for 8s. 6d. S. M. ANSTIS- 
Motivalion. Edited by Dalbir Bindra and Jane Stewart. 
Psychology. 1966. Pp. 352. 8s. 6d. 
There is, at present, a spate of books of readings in E: 
Books intend to contrib 
There is very little original editorial m. 


; ern 
London: Penguin Moder 


concept of motivation. 
"a coherent account of t 


ive and reinforcement. / 5 
ast of these topics; each of these Jong 
t ur or five readings on a subject such à 
heoretical Construct" or “‘Reinforcers as Elicitors of Responses.” This 
ef introductory notes to each section, gives Ros 
d individuality so often lacking in such compilations. 
his collection for two reasons. In those 
apers the excerpts given are often so short that it is har t 
useful purpose. For example Freud's views on instint 
Y's get about the same; such bri 


organiz: 
collection of readings the structure an 

I am, ho 
sections devot 


3 are fre 
been done with discrimination: GT 


i in addition 
Selected. The Objection is that th 
ere are too few i ion to 8V 
ture of the topic, For aspis deese ee 
rcement,” apart from 
ns only twi 
ntgomery o; am o 
course, highly relevant reward. Both these papers are, 
the topic, y relevant, but they can hardly be said to “provide a coherent account of 
Both these criticisms are related, 


The readings selected are thoroughly appropriate, 


BOOK REVIEWS 183 


but far too much has h: 

1 ad to be left out, and so, thr i 

ae 5 ] 1 3 o, ‘ough no fault of th z 

s ri e € its declared aim. Had three books in this series been e a oe 

aoe oes as and had they all been entrusted to these editors I am sure that they w ud 
ceded. As it is the book must be regarded as a worthwhile attempt a 


impossible task. 
M. S. HALLIDAY. 


Pattern Recognition: Theory, Experiment Com: i i 

E 3 y, E: A puter Simulations, and Dyr ic 1 

ri cid Perception and Discovery. Edited by Leonard Uhr. New C ee 
a gr 1966. Pp. xii + 393- 68s. cloth, 45s. paper. 3 

his E ook presents a selection of 22 papers on pattern reco; nition, with an in i 

p ume passages by Uhr. The stated aim of the ool is twofold: eur So Ed 

ONE material on pattern recognition from the different disciplines of psychology, 

nod T ysiology, and computer simulation, and secondly to present a sample of computer 

els within this context. The book thus represents an attempt to provide a multi- 


disciplinarian view of the problem of pattern recognition. 


" Ap one can deny that such an effort, if successful, 
udy of pattern perception has already benefited greatly from the number of different 
applied to it. However, it is not clear that 


v Proaches and techniques that have been 
i selection of a small number of papers from the very large number available in the 
rature is a good way of helping to bring about such a synthesis. Some general principles 


could be applied, such as the selection of articles that are comprehensive, or controversial 
hold of, but within these limits the choice of papers 


ion stimulating, or difficult to get 
as to be more or less arbitrary. It is difficult to find any consistent principle in the 
present case, and the linking passages do little to help in giving any overall view of the 
Problem, so that the general effect is of a scrapbook of disconnected theories and 
Xperiments. The linking passages refer to other papers, on topics not covered by the 
published selection, which might have helped to increase the breadth of coverage provided 
In spite of these limitations, however, 


by the book if references had been given for them. y r T 
teresting and stimulating, so that 
eless worth reading for this reason. 


a of the individual papers in themselves are in 
hough the book does not fulfil its aims, it is neverth 
W. R. A. Mountz. 


is worthwhile, and in fact the 


Advances in the Study of Behavior. Volume I. Edited by D. S. Lehrman, R. A. Hinde 
and London: Academic Press. 1965. Pp. x + 320. 


and E. Shaw. New York 


76s. 

This book sets the reviewer 2 difficult task: it is a collection o: 
Pia bitty and overlapping as to give him 2 cte * 
neral prono e other evasive action. is, on the c 

P uncement, or tak f which easily cou. 


Six serio ight tises, none o 
i us and, on the whole, weighty trea’ ises, ‘hich LS 
in a sentence or two. The task is more or less that of reviewing six compa 


witl i $ 

ts oynap, ation in approach/withdrawal processes underlying 
" C. Schneirla is, without a doubt, the 

breadth of knowledge and 

of approach and 


{f papers, but not so 
incentive to make a 
ntrary, a series of 
ld be summarized 
ct monographs, 


vertebrate b : b 
à ehavioural development’ DY 
Weightiest of the lot. The paper is remarkable both for the b z 
MD Opacity of expression irla elaborates his. biphasic E eory Hi ue 
Withdrawal at given sta es of development for a variety of species, one 0 ` main Ke 
cing that development = based upon low-intensity stimuli (which are neue fee ee nes 
ii, qeu) reinforcing gr adually man say. ES assumed to i 
i hat many of the P. Eius y e ted as being a non-specific function 
ep d bombardment is 


Stimulus specific by ethologists can b! 
. Hebb, Duffy, 


imulation, 
imulation, fave done, e.8 


merely of 
sheer amount of st 
“versi irla i any others D 
dioe cd ti iy seen (as shape curve for approach/aversion as a 
o os is valuable and sometimes well-taken, but 
isual cliff the near surface 


font more explicitly) a kind 

ction of stimulus intensity- For example, on the vis 

her forced: the deep one is seen as more in flux the greater 

esented in this same et bled ye 

ini chneirla's paper is that it 1$ 

My general Op Jad to A ee symbol for 
uesclamation mark.” 

born infant," somewhat sur- 


itself with issues of nativism vs. 


The argument is V 
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empiricism. It is, instead, a series of observations directed towards m pete 
differences and neurological disorders in infants. In fact, "behavioral" a d being 
status in its title that “democratic” has in United Nations debates, the eique (a sudden 
concerned largely with general motor activity, posture, and the Moro Pens Proshtl 
clasping movement elicited by sudden change in body support or a UD dE me Dai 
has some quite interesting observations which will no doubt be of ee dap ns 
the paper cannot be described as being systematic or penetrating. It is = pake 
conclusion comes at the end of the paper, as I am not sure how many reac = cee el 
stay the course if this were the beginning: ‘‘From the results of other investiga O; ai 
our own research, the newborn infant is presented as a constantly changing T aps 
influenced by internal and external factors. Under the effects of these multiple influe: , 
the baby's behavioral responses, in turn, are manifested in many patterns. -— 

Of more direct interest to students of behaviour will be Walk's paper on T Qm 
of visual depth and distance perception in animals." The author's work with | i rot 
on the visual cliff is well known and one can find here a clear and systematic disi ms 
only of that material but of other techniques, together with a discussion of the Peat 
of dark-rearing and depth perception. Especially interesting are some of the histo TA 
tidbits and the variety of comparative evidence. The main approach is meroa R to 
and empirical, not speculative. While much of the material will already be um duc 
the researcher on animal vision, the paper nevertheless will be a useful review to him 
well as serving as a clear introduction to other readers. 

The next chapter, “Physiological and psy' cti tion. 
by Horn, isa juicy combination of an admirably mustered review and judicious specula 
Horn first presents a sample of behavioural ex: 
attention, and then turns to review the 


counterparts of “attentive perception," habituation, and Sensory interaction. The 
treatment, on the whole, is sophisticated; indeed, the crit: 


of whether or not t 
important role” (p. 


. i B s . » Ttis a 
mixed bag (of the non-trans x Habitat selection in birds. 
preference of Chipping Parent variety) of 


: ot rather narrowly based empirical data (the 
T Pine foliage as compared with oak leaves) and what 
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the authors term “ iti j 

à i generalities and conjectures.” The eneral probl: i 

re mei ce sd 2 xx which is controlled by a diet EA pM a 

s probably by necessity heavily based on natural hist iti 
are of some interest, but the i seid feature ER 
i » the paper has a much more hesitant and tentati 

Gies is with the others in this volume. It is worth noting that the sion" hehe 

d 3 o support the contention of Schneirla’s (see above) that innate releasing mechanism: 
a Y n rather less specific than is usually thought. ] 

" e present volume is the first of an intended series which, accordin, 

Ner s 5 to th 

$ d i A. ill be of great value to research workers and graduate students in dpi 

fi?) iatry, neurology, physiology, experimental and clinical psychology, ethnology 

dd pus ecology." This first volume cannot be said to cover quite that scope, but it 
vaa tedly has something for almost everybody. Its content, generally, is of high 

quality and should prove durable. The title of the series is already self-congratulatory, 


os on the whole the results are to be praised. The volume itself is attractively 
sented. L. WEISKRANTZ. 


Edited by J. P. Guilford. Third Edition. Princeton, N.J. and 


Fields of Psychology. 
725. 


London: Van Nostrand. 1966. Pp. x + 350- 

f The first edition of this survey appeared in 1940 and the second ro years later. The 
esent edition had been extensively re-worked and contains several new chapters. It 
S virtually a new book. 


b Presumably, the aim of books such as thi 
ecoming students) of psychology an idea of the subject in its major contemporary 


manifestations as well as the professional fields towards which its study may lead. If 
this is the objective, Dr. Guilford and his colleagues succeed admirably. If, however, 
one regards the function of texts to inspire as well as instruct, to instil critical sense and 
judgement, and to eschew the modish and merely parochial, this one hardly gets off the 
ground. It is conventional, pedestrian and in patches frankly boring. The best one 
can say for it is that it doesn't mislead and will do no harm. O. L. ZANGWILL. 


London: Penguin Modern Psychology. 


s is to give students (or those considering 


Attitudes. Edited by M. Jahoda and N. Warren. 
1966. Pp. 375. 8s- 6d. 

; In an academic age that has been marked by the proliferation of “comprehensive” 

textbooks, it is a relief for a reviewer to have to deal with collections of readings. In 


the latter instance he is not required to assess the quality of the pap that has been pre- 
digested by the author for feeding erned with selection and 


to students—he is conci ow m 
Omission. “TI t dings shows careful selection, agains a plan whic! 
i ji he present volume of reading: p 2 
includes veste fos We have an introduci rather bitty pieces 


tion, followed by m. i Y pie 

on the conc ; then sections on research in attitudes ontent, Origins, 
Change, edad wem Theory and Method. Two criticisms so far: the titles 
9f papers are not given in the contents list at the beginning of the collection, merely the 
authors’ names; excerpts from papers or chapters are are unsatisfactory in that one 
cannot fo ne y nt of the author’s thought. Y ; 
NUN ce cane Pcellent long papers cited in full. Particularly valuable is 
the Cook and Selltiz article reprinted from the Psychological BRRR 3964: erd » 
Bive the exception to ral rule à rpt on i ] by 
Selltiz, Takode, ian te ed Cad is a most useful one. One of the central dieu 
of work in this field h been in the establishment of outside criteria, whether en 
9r physiolo ital do te the pres nce of a particular attitude or state 0: em E 
thus Cirding the pitfalls of verba ete ers in this volame physiological 
ount of attention to relationship OUT ; ] EGER 

i E < in this area would have been welcome. 
Concomitants are not neglected — tho" J more work i ve Bee Social 


Omissions: It is a pity that the re m s 
S DET ras too recen with its usefu 
500 dh ons and attitudes. There are 


Consensus" < 

Diem s" (Science, 4th February, WE 

RETI el psychophysica method is ey Gnd CP Semantic Differential techniques 

two or three very slight references d XR 

in the text, and these lar procedures are nowhere exp 
xt, popular proc TS OH 

Ti 3 h—crucia. 

eferences to language and linguistic res wise ane a major pioneer in the field of 


con Thurstone-—old fashioned 
ing of attitudes. Pe ion i "n 

: i riticisms—the selection is, overall, a good one, 
But these are possibly carping d to attempt definitive answers. The editors have 


tending to provoke thought rather 
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k's 
vi i i reas of ‘‘modern"’ problems, and the boo 
D ae en iim mare and more manipulated from me cont 
Ems : bmg media of communication. The present Penguin series, of 3 n 
iene will be welcomed by many University teachers, as the provision of a deem is 
of journals becomes ever more difficult. The demand for Lt lg a ect 
enormous, especially as the concept spans the discipline of psycho ogy ana t "o d 
of sociology. Not even your reviewer’s distrust of the concept of atti 


tes i ted 
him to regard this as anything but a bargain, at 8s. 6d., for all ncaa 1 xm 
in social psychology. d 


[ : i Modern 
Personality Assessment. Edited by Boris Semeonoff. London: Penguin Mod 
Psychology. 1966. Pp. 443. 8s. 6d. 


i — man 
This book will be useful to the many who are concerned with the assessment of hu 


" "qu" = : z dies. 
personality, whether for purposes of research, teaching or clinical and vocational stu 
It is unusual in that it 


& subject index. References 

In his Introduction, Dr. S 
as he says, “‘none of these 
are certain overlaps between the 
first group, which consists of 
with an extract from Galton’ 


approach. 
Semeonoff desc; 


à in 
"operational" papers, “The approach 17 
all of these is sometimes described as ‘global,’ in contrast to t. 

which comes later, i 


> paper by Schafer on The Expression 
of Personality and Maladjustment in Intelli s. 
the least impressive of the five: several chapters ing i 


essa. 
t ) 1 are depressing in their use of unnecessary 
Jargon, e.g. “snafu tolerance” and their wordiness, e.g. “It may indeed be urged that t 
time has come for present-day psychologists, as 


knowledge, certain and uncertain, precise and 
problems.” 


The third gro 
on the Rorscha 


ch 
al moment, and to the relevance of eal 
imprecise, to the solution of prac 


are approached by 


dimensional.’ i iom d ind Analysis O 
a Case of Multiple Personality usi na This section includes A Blin 


ast 
ersonality Inventory. The fifth, and es 
^ - L. Edwards, entitled Social Desirability d 
t Construction, the other by P. E. Vernon on the Concept of yal e 
apter from Professor Vernon's Bus rks 
gloomy piece, abounding in EE 
yet been confirmed by indepen 
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investigations. But clearly such an approach, through patterns of scores, could have 
important bearing in counselling." 

A The general picture emerging from the book is that what psychologists have gained 
in methodological and experimental expertise, they have lost in psychological under- 
standing and sense of humour. If the next few decades could recover the latter whilst 
retaining the former, the outlook would indeed by bright. A. W. Hem. 


The Psychology of Learning. By R. Borger and A. E. M. Seaborne. Harmondsworth, 
Middx.: Penguin Books (Pelican Original). 1966. Pp. 243. 5s. 

. The range of topics discussed in this introductory work is rather a large one for its 
size, for the authors choose to describe learning as “any more or less permanent change 
of behaviour which is the result of experience." Thus about one third of the book is 
devoted to animal learning and behaviour theory, while the remaining Chapters concern 
Language and concept formation; Memory; Perceptual learning; Skill; Abnormal 
behaviour; and Education. The resulting mixture is occasionally a little short of facts, 
but the clear and entertaining discussion of such a variety of topics will make the book 
& valuable introduction for the general reader. A well chosen bibliography gives a 
useful guide to more specialized works. n -— , 

The scheme of the book is ambitious: to set out the important principles of learning 
discovered from experiments on animals, and to consider the ways in which these 
Principles can be applied to various human problems, notably Education. In fact, 


however, the vari i f the book hang together rather badly, and the authors 
de d dace Introduction that the topics in the middle 


poorly integrated with the discussion of 
the section on Education, and although 
plication of the principles of learning 
nce the reader that such an application 


18 use att 5 
depend les of learning supposed to be? The 
t that there is any generally 
ld be badly misleading if it did. It is true 


that the b i ally has some tenden 

= ehaviour to be selected actually ha T ti 

reward it quickly when it does. These methods may be important, burm is hoaa E 
their relevance to the main conclusion reached in the section on he purpi 


education,” where it is argued that the communication of us 
zt the cultivation in pupils of the ability to learn. TUM d = 
9n animal learning, and the authors might have ma e a 
a that their speculations on this matter have absolutely 
pes ment, for several of the Lapi 
^ i i i i c j scientific ones. The promise of a 
QE EL LET e uec are not told what it is that we "d 

i ted in the book 

itv of educational research advoca 

A what it is attempting to find out. Borger 


ge scale experiments being carried out on 


M. J. MORGAN. 


Eliminating the Unconscious: A Behaviourist View of Psycho-analysis. By T. R. Miles. 
Oxford and London: Pergamon. 1966. Pp. xviii + 171. 178. 6d. 


Profi ; ‘ 
essor i s an in 
Centra] - Miles has given us | 


ic Sumption o i z ter (or 
= n no way Ep ui pue qp bee d and "sentences which purport to be 
ipOut ‘the mind,’ ‘the unconscious mind,’ etc. can be translated without loss of meaning 
gs Sentences about behaviour." Behaviour includes the so-called ' phenomenological 

ntences,”’ such as “This looks green to me,” “I have a toothache,” “I feel very anxious 
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about her." For, on Miles's view, these sentences are signs that I have made certain 
discriminations. i " 
In the latter half of the book Miles carries out this programme of logical analysis on 


the central concepts of traditional psycho-analysis. Its essence can be found in the 
chapter on the Unconscious. 


of the patient with other, especially earlier, events in his life. 
to this view is that, for the 
unnecessary”; and it makes much 
purposes" at work. Viewed as a pictorial mod 
supposed to be a picture of “the mind,’ 
But this means that the model is logic 
by questions like: ''How can such a 


mit us to accept the so-called eren 
i B : ie ; and he supports his argumen 
offering a Ryle-like and dispositional analysis of these enprese. and related concepts. 
u atient has unconsci j r knows 
unconsciously, i nscious knowledge, o 


knows this in the sense that she was acting as though she knows it— sh 
full sense, exce conscious avowal of it. On oe 
the analysts have done is to offer 
ledge, unconscious feelings), and 3 
tstanding “not merely of the two 
tuations as well.” Psycho-analysi§ 
€ the human relations factor seriously. 
ow there are two basic objections to 38 
LAS F x zm na 

alistically. Then it is not co mo e dnd Hed té ero 


Hae orrect ai iles does 
of eliminating the dualism i forrin claim or assume (as Miles 


s to eliminate the expressions, with their 
ualism by introducing and maing 
any dualistic involvements; but u 
Freud w. s Beers Moreover, it could be argued that, PE 
; i ery important. He was offering US A 
model of mental functioning; and thi 


er of course, 
For the A Sad reply that any explanation o 


e à of the Unconscious are 
Symptoms, the model of a subst tet In order to link early history with pr 
meet the second basic objection do Men scious is entirely unnecessary. But now b 
claim that the explan: SG 


‘fie; Far from this bei : out to 
tific importan m this being vacuous, it may turn D 
narrow pe that pi iore re db may be quite true that the explanatior 
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confirmed in a big way, and helps to revolutionize our whole way of regarding the detailed 
mechanics of human functioning. In retrospect we should then look pretty idiotic 
maintaining in the 1960s that the Freudian model is untestable, and therefore vacuous. 
So even if the model as it stands is untestable in principle at present, this feature may be 
relatively unimportant; and it is not sufficient to justify us now in rejecting the model 
as vacuous and entirely unnecessary. . 

It could be argued, therefore, that a much better defence can be offered of traditional 
psycho-analysis than Miles has allowed. Does this mean that Miles is mistaken in his 
whole programme to eliminate dualism from psycho-analysis, and to translate psycho- 
analytic sentences into sentences about behaviour? No, not atall. In so far as psycho- 
analytic discourse contains dualistic assumptions, Miles is doing something very important 
indeed in trying to eliminate them. Miles’s programme of behaviourist translation forms 
an excellent exercise in therapeutic clarification for the psycho-analytic practitioner and 
for the psycho-analytically oriented psychotherapist. The book contains useful and 
important challenges to the psycho-analyst. It is to be hoped that it will not only be 
widely read in psycho-analytic and therapeutic circles, but that analysts will also make 
use of it in their own teaching programmes in their training institutes. B. A. FARRELL. 


Manuel Pratique de Psychologie Expérimentale. By Paul Fraisse. Paris: Presses 
Universitaires de France. 2nd edition, 1963. PP. 392. 20F. 

In preparing a laboratory manual of experiments in psychology one must resolve two 
Somewhat conflicting requirements. The first is to provide a series of concise experi- 
mental schedules with fairly detailed accounts of procedure and the second is to present 
enough of the theoretical background to make the experiments intelligible and interesting 
to students. A manual which concentrates too much on the former may reduce the 
experimental enquiry to a rather dull routine. On the other hand, an adequate treatment 
of theoretical principles may well inflate the size of the work to impossible proportions. 
Recent attempts to solve this problem have produced such widely differing approaches 
M that of the late Professor Humphrey in Psychology through Experiment and that of 
Mr. Babin, ith i ratory Experi in Psychology. 

abington Smith in Laboratory Experience in £ sy 8) g J 
Professor Fraisse’s manual follows a more traditional style, exemplified = England 
by the classic Text Book of Experimental Psychology, Part IL, by Myers Ts d e d 
he experiments have been chosen so that the balance between theoretical bac gronn 
and experimental procedure is well maintained over a wide range of topics in aman 
experimental psychology, including some experiments on small groups. o work o 
animals is included. ` à 1 E 

The first edition of the Manuel appeared in 1956 and contained an AURI mw zo 
experimental method followed by schedules for 60 experiments, and ee A a a 
ee On the measurement of thresholds, a second on. tecniques OF pen AE Exc 
third giving a list of firms manufacturing the equipment usec- 3 i 
vere relatively simple in conception, moet could be armed ent Ph eimie of publication 
Subject and the a tus requirements were fairly modest. i i 1 
1t was one of fia eeii] Ts of practical class experiments available i this orny 
, In the new edition all the experiments of the first edition are rci p i come min à 
Improvements in exposition. Eight new experiments have been added together wt 
useful additional a 5 dix on ex: erimental design. , 

To have induded S the new Pigon experiments on more recent y eee a 
as applications of information theory and E E theory, wou. ave requir 
a fairly 1 i atment before the point oi ) 
Wuderstood s ty i bre se Ner reason that Professor Fraisse has chosen not to include 

F ISDEHHABS a very brief allusion to information theory in 
àn experiment on choice reaction times). In keeping with this policy me Dx pin 
Sensory thresholds remains unchanged and is confined to traditional methods for deter- 


well cperi erennial interest to experimental psychologists 
and Loon cy Seep ee Fraisse has kept a very useful set of wies cce 
*Xperiments easily available in print. R. Davis. 
Abstraction and Concept Formation. By Anatol Pikas. London: Oxford University 
Press (Harvard University Press)- 1966. Pp. xiii + 303. 56s. 
This interesting book, in which Pikas introduces his own recoding hypothesis, is more 
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iti i views i itical wa: 
rkable for its breadth than its depth. Its merit is that it opps a a E 
ERR amount of diverse research—the philosophical SURE e 4I adt 
an Gator of the Wurzburg and Leipzig schools, the clinical findings o paatin i 
Cameron the symbol formation of Werner and a the = epe pe ne uu. 
i J i < d finally mediation theorie 1 
Fisher, Hull, Heidbreder and Smoke, an a te aie 
f The book also includes an exce hi 
those of Osgood and the Kendlers. k k i chc appe 
i sage of the terms abstract" and “concrete. 4 1 ox 
3554 af Mecum is inevitably ee he Suhor iem em Ei on = 
i eatest interest. “Ach also took his ar 3 E a 
p a no em he introduced the artificial words into the conv dE EN 
se conceptual attributes in other objects. He was able to record th 
g 


: S s it’s 
(2) An ingenious experiment of Rommetvel 


tative stages in concept formation. (3) p 

Gestalt law of good figure and the phenomena of “normalization” demonstrated be 

e phenomena may turn out be 

tion hypotheses after all. This must be rather deprene 
crucial data may come from neurophysiolog! 


consistent with some media 
for everyone. It seems to 


zal 
not an experimentalist: no empiric 

i i © approach is typically inductivist, Instea 
formulating a hypothesis and then doin, 


to do too much, and t is i 
But I should b and that this is the 


Tactics of Scientific Research, By Murr; Y Sidman. London and New York: Basic Books: 
1966. Pp. x + 428. {1 75. 6d. 


^ , it 
r “issue of a book i i ing its title, 
is not a primer of statistical method. ue Lima vui ee 


BOOK REVIEWS IQI 


into a binding strategy that doubts enter. For example, much disapproval is voiced 
against the use of group designs: the effects of any variable are to be studied by repeatedly 
changing the value of the variable in question in experiments with single subjects. Such 
a simple strategy, of course, assumes that the behavioural changes so induced are 
reversible—frequently an implausible assumption. Instead of accepting the use of a 
group design in such cases, Sidman wastes much ingenuity in attempting (with little 
success) to show how to solve the problem with a single-subject design. Single-subject 
designs are often better than group designs; but to insist that one never uses the latter is 
severely to restrict the range of problems tackled. As Sidman says ‘‘There are no rules 
of experimental design. ... In our search for new information we must be prepared at 
any point to alter our conception of what is desirable in experimental design” (p. 214). 
If this is true, it is not compatible with adherence to some of the tenets of Skinnerian 
dogma. N. J. MACKINTOSH. 


Psychodynamics and Hypnosis: New Contributions to the Practice and Theory of Hypno- 
therapy. Compiled and Edited by Milton V. Kline. Springfield, Illinois: Thomas. 
1966. Pp. xi + 194. $8.75. 
This indifferent volume contains seven papers concerned with various aspects of 
hypnosis and its uses in psychotherapy. Apart from a paper by the Editor, its interest 
to readers of this Journal is negligible. O. L. ZANGWILL. 


Psychology: The Science of Mental Life. By G. A. Miller. London: Penguin Books. 
1966. Pp. 415. 7S. 6d. 

This is a re-issue of a book first published in the U.S.A. in 1962 and subsequently in 
this country by Hutchinson. It evolved out of a series of introductory lectures given 
at Harvard, and so, in the new cheap format, must be considered primarily as an 
introductory text. As such it can be confidently recommended, for it is among the small 
number of books that give a balanced and above all an historical perspective on current 
Psychological thought. Miller uses biographical essays on six pioneers (Wundt, James, 

alton, Pavlov Freud and Binet) to introduce the modern ideas which they initiated. 
For example, the essay on Wundt is followed by chapters on various aspects of peng oe 
Ness, that on Pavlov by a discussion of learning theories and animal hehavious, Y at 
9n Freud by chapters on motivations and drives. The value of this ema x an at 
In any comprehensive study of the entire field of modern research, but rat eX F ary y 
of major lines of thought. In addition, the growth of each man’s ideas is relate a or 
intellectual milieu. It is here that the strength of the book lies. With aa PORA E 
Steps Miller leads us through the jungle of nineteenth-century ppt Dee 
AEN Psychology grew. Particularly successful are his chapters ot un ee d Jemes 
Whose Dattles he ‘describes in a style more literal than metaphoric; throug! 

is thought i; ara is writing vigorous. - . = s 
p engin ud a find here a balanced view of d m x iy es e WA 

articularly since the publication of the Penguin 3 tee 

oth an ex, ap i uctory text and a complementary volume to gi 
number of eu E cécia now available. However, this must not be 


Tegarded solely as beginners’ reading, for, as Brian Foss says in his editorial forward, 


s i jaded old hands have 
Hiller is able to describe psychology so that both beginners and jade c eli. 


eir appetites whetted.'' 


The Memory System of the Brain. By J. Z. ¥ 
1967. Pp. vii + 128. 28s. n 
i i i versity of 
This b i ries of lectures delivered in 1964 at the University 
ve Mir Sls cd M ny of some of the experimental findings and the more 
Important eoupbpts described in Young's A Model of the Brain Oxford: Clarendon Press, 
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964 2 Eo 
Prof a borators have spent some twenty years investigating 
tho: cessor, Young and his colana behaviour in the octopus. The gross anatomy 


Se central i that govern 1 Y 
the central merrums a in cephalopods is quite different from that of vertebrates, 
Which is Scarcely surprising since philogenetic development of these two organs has 


Proceeded along i dent lines for roughly 500 million years. Nevertheless, similar 
Conditioned po rhe established in both dog and octopus, and the latter often learns 
:aster, Young has always hoped that exploration of two systems that were so different 
10 gross structure might reveal those factors at the cellular level responsible for all learning. 


oung. London: Oxford University Press. 
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THE QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


Vol. XIX 1967 Part III 


SOME OBSERVATIONS ON GREGORY’S THEORY OF 
PERCEPTUAL ILLUSIONS 


BY 


MARIO ZANFORLIN* 
From the Instituto di Psicologia Sperimentale, University of Padua 


Gregory (1963, 1965, 1966) has explained the optical illusions of the Müller-Lyer 
type as a misapplication of a perceptual mechanism which he calls “primary constancy 
scaling.” This mechanism is brought into action by the depth features of the drawing, 
despite the fact that the texture of the paper makes the observer see the figure as flat. 
It is from the conflicting information about the figure, namely, the depth features 
(three-dimensionality) and the texture (flat), that the well-known phenomenon of 
these illusions arises. 

As Gregory’s replies to some criticisms (Brown and Houssiad, 1964; Humphrey 
and Morgan, 1965; Day, 1965; Hamilton, 1966; Wallace, 1966) do not appear to 
Satisfy all doubts about his theory, it is opportune to consider in detail certain basic 
Points of the theory which have not been raised by previous critics. It seems obvious 
that if primary constancy scaling is set by the depth features of flat figures (Gregory, 
1963), then in order to predict in which figures constancy scaling will enter into action 
and produce illusion, we need an exact definition of depth features. But no formal 
or precise definition is given, nor does Gregory determine unequivocably the circum- 
Stances in which they occur. What depth features are is not at all self-evident. 
Gregory (1963) speaks of a drawing as having depth features when it is a perspective 


Tepresentation or a projection of a three-dimensional object. This does not help us 
very much as any drawing whatsoever may be regarded as the projection of at least 
that Figure 1b has depth 


One other figure in "depth." If, for example, one supposes 


FIGURE 1 


Ug 


features because the drawing is the perspective of rectangle 1a, then one must also 
Suppose that the square too of Figure rd has depth features because it is the 
Perspective of Figure rc, although Gregory (1965), it seems, does not consider a 
Square as having depth features. Nor is it possible to solve the problem by making 


a 


* Now at Department of Zoology, University of Edinburgh. 
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istincti "typical" and “non-typical” projections of objects, since no 

Du n to base the disGuction, We cannot therefore consider 
i a definition of depth features. . ; 

fei (1965) methods Di establishing depth features by pienen nE put 
luminous figures in the dark to see if the subjects perceive apparent dis em ar 
thence deducing whether the figure does or does not have depth features, 
indicate what depth features are, and it allows dubious predictions. -—" 

In Figure 2, for example, there are two projections of a cube de erre P 
both have oblique lines, and both have an equal number of edges; but in Pu At 
the drawing is seen as three-dimensional, whereas in Figure 2b it appears fla ,8 In 
makes no difference if the figures are drawn on paper or made self-luminous. 
which of these two figures are depth features present and what are they? 


FIGURE 2 


D GE 


In an attempt to make a prediction, let us c 
When they are made self-luminous they appea 
distance in depth (Zanforlin, unpublished expe: 
be found in Titchener, 1905). Is th 


onsider the two circles of Figure 3: 


A ULES) ns in this figure; but it is also true that this figure 
does give rise to a remarkable illusion, (T. 
equal distance from point A and point C.) 


features are present as we still do not know 


FIGURE 3 


» 
[] 


In the case of the Müller-Lyer illusion, Figure 44, Gregory (1963, 1965, 1966) VerY 
Clearly points out that with self- uminous figures the “arrows” make the two lines 
appear one nearer than the other. If we remove the arrows, the two equal lines Wi 
Appear at the same distance, So the arrows are supposed to be the depth features. 
If we now draw two simple lines one Shorter than the other as in Figure 5, the shorte 
of the two will 3ppear further away and the bigger one nearer (Zanforlin, unpublishe 


Ks dm at is it now that causes the apparent distance when no yip 
depth-features are Present? One possible explanation is that Figure 5 is t 
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representation in perspective of two equal lines at different distances. But as far 
as perspective is concerned, Figure 5 is also the projection of two lines of different 
length at the same distance. So we would expect at least 50 per cent. of the subjects 
to perceive this second possibility. But this is never the case with self-luminous 
figures, as all the subjects do, in fact, perceive the two lines as more or less equal and 
at different distances. So having excluded perspective and "arrows" as explanations 
for the apparent distance in self-luminous figures we do not know what brings con- 
stancy scaling into action in the case of, for example, the illusion of parallels in 
Figure 6 (Titchener, 1905). 

From the above considerations, it is clear that the theory does not allow exact 
predictions as to which figures will give rise to illusions. But in one particular case 
Gregory gives us an interesting experimental result that makes an exact prediction 
possible. 


FIGURE 4 
b 
a 
FIGURE 5 FIGURE 6 
a 
CO A w-— t 
uuum —— 


In the case of Figure 7 in which the “arrows” are at 90° (vertical) to the horizontal 


$ depth 
segment, according to the results of Gregory S (1965) experiments there are no : 
features, because E oth self-luminous figures there 1s no apparent distance. So we 
Can predict that no illusions are possible with vertical "arrows." This prediction, 


illusi i here some more 

Owever, icted by the Oppel illusions (Boring, 1941) whe 
Vertical Wedel i ae Fig. 8). Moreover, if two horizontal lines are added 
to Figure 7 (are we adding depth features?) in such a way as to make a square, 
igure 9a, we obtain another illusion (Titchener, 1905; Zanforlin, unpublished). 
he line a in the middle of the square appears to be shorter than the peri ved. 

E C MERCI t in thee 

b despite the fact that they are both equal, the same illusion is obtaine: Ww al 
Segment b. There esu be little doubt that these illusions are not explicable on the 


asis of primary constancy scaling since they have no depth features. 


8 
FIGURE 7 FIGURE 


I—— 4 HHH— 
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FIGURE 9 


a 


But Gregory’s fundamental hypothesis it seems, does not depend on -— 
Scaling nor on depth features, but on the assumption that these illusions are perceive 
only when we find ourselves presented with drawings (Gregory, 1963, 1966). It 
follows from this that when we look at real objects in the world, we should never have 
ilusions of this type. The following experiments show this assumption to be 
untenable. Figure ro shows two wooden mats and two sticks. One of the sticks is 
placed so as to form the diameter of o; 
mats. The sticks are equal in len, 
hesitation that the stick in between two mats a; 


(Metzger, personal communication). 
There is no doubt that our eyes do “deceive” 


There is one further observation to be made with re, “oj illusions,” 

d gard to “circular illus 
Gregory (1963, 1966) believes that a “cultural” ing; t that we 
live and are reared in houses with co E tently er 
illusions. As one piece of evidence, he quotes th bell and 
Herskovits (1963) on primitive peopl E sionis dei egal, Camp P 


figures, 


But leaving Primitive an 
has been proved (Warden an, 


I i 5 
Professor gC. Olan n ^. Manning, Professor F, Metelli, Professor W. Metzger and 
nid T having read the manuscript and corrected my English. 


REFERENCES 
Borne, G. E (x f l 
w V4^aMO41). Sensation and Perception i. S N chology’ 
Brown, L we Appieton-Century.Crofte ption in the History of Experimental Psy 
ot. B. an 

menon. Nat Houssarp, B L. (1964). 


r heno- 
Ure, 204, 302- Illusory Perception as a constancy ph 


FIGURE 10 


The Müller-Lyer illusion produced with solid objects: two wooden mats. 


To face f». rob 


FIGURE rr 
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CONTRAST AND CONFLUXION AS COMPONENTS 
IN GEOMETRIC ILLUSIONS 


BY 


VEIJO VIRSU 
From the Institute of Psychology, University of Helsinki, Finland 


Two experiments on illusions were p 


lanned to test the predictive power of explanations 
based on size contrast and confluxion 


- The predictions turned out to be correct. A 
nd an illusion of divided distance were used as 
ding distances were underestimated. It proved 


arch connected with theories of geo- 


perspective theory. Tausch 1954), Kristof 
(1961) and Gregory (1963, 1965) have developed this type of neue s. in the form 


could be localized further į i ich, according to the depth cues, 


The constancy theory lead. icti i 
ut eads to better predictions than the other explanations 


ver, the constanc ; eee for 
example ese mno : Y explanation of some illusions, as f° 
iple Lipps's illusion (Fig. 1), seems unnatural, and it is doubtful whether the 


constancy theory succeed. ipps' 
Va des TM eds here at all. In Lipps's figure the parallel lines a, b an 


FIGURE 1 
INEO Ur 
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Ns 1 2 
The optica ill 


Rud 'usions also have haptic analogi ; 
Pa and Teuber, 1963) and to explain t quisa pu 
‘ancy mechanisms Proves difficult. O 


€ Révész, 1934; 
hese haptic analogies by reference to the 
ne explanation which seems to avoid these 
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difficulties dates back to Helmholtz and Mach. It is based on contrast and 
confluxion, and we shall call it here the contrast explanation. 

Generally speaking the contrast effect, or briefly contrast, in perception is a 
phenomenon in which differences between clearly different stimuli of the same 
modality are accentuated. Confluxion can be regarded as a phenomenon in which 
the perceived differences between similar stimuli are diminished. Contrast and 
confluxion are parts of the same continuum: confluxion is, in a way, negative contrast. 
We are concerned primarily with figural size proportions. The concept of confluxion 
implies, first, that those parts of the figure which extend close to other parts inside 
the figure, or which are parts in relatively small subfigures, are enlarged, and secondly, 
that those parts which are only slightly smaller than parts of the figure they are 
compared with are enlarged. The former is intrafigural confluxion and the latter 
interpartial confluxion (cf. Cymbalistyj, 1949). These types of confluxion are not 
mutually exclusive. The reverse is implied by the concept of contrast: those parts 
inside the figure which do not extend close to other parts, or which belong to relatively 
large parts of the figure, diminish (intrafigural contrast); the same happens to parts 
considerably smaller than the parts which they are compared with (interpartial 
contrast). Ifthe discrepancy is extremely great, no size contrast occurs (Ebbinghaus, 
I913, p. 65). We suppose that contrast and confluxion are symmetrical phenomena. 
This implies that if À is contrasted with B and A is smaller than B, A is under- 
estimated and B overestimated. Similarly, if a confluxion of A and B takes place, 
and A is smaller than B, A is overestimated and B underestimated. M. 

The two experiments described below were designed to test predictions based on 


the contrast explanation. 


METHOD 
Experiment x 


Figure 2 was presented to 24 undergraduate 
Psychology. 


s, half of whom were students of 


FIGURE 2 


e 


UT 


e lines b and c were 20 mm, 
id errors in measuring the 
ts a millimeter scale. The 


ngth of the lines b and c ina similar way. 
(Half the subjects judged the lines first.) When the subjects had judged the lines they 


i of apparent distance of b and c as well as of 
the imagined lines a and d. 


Experiment 2 


Procedure A. Twelve Stimulus figures corres 
White cards, 16 x 24cm. in size. The midpoint 
the right, 1 cm. off the midpoint of the card. In each o 


TABLE I 
NUMBER or Drvipinc Bars (NAME oF FIGURE 


) AND Distance BETWEEN THE BARS 
(IN MM.) IN THE FIGURES UsE: 


D IN Experiment 2 


Number of dividing bars ., 
Distance between bars 


Uli was rr, The distances Leni 
gure F which was omitted. 


Bements of the apparent length of cd by marking two 
FIGURE 3 
c d 
a 
b 
A 
c d 
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Squares $ 
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participated in both ets were tested; ro of 
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PREDICTIONS 


Figure 2 is a modification of a figure originally introduced by Ebbinghaus 
(Ebbinghaus, 1913, p. 64). The Ebbinghaus figure was used by Kristof in one of 
his experiments (Kristof, 1961, p. 43). The result obtained by Kristof was that the 
distance a was judged longer than the distance d. The result was interpreted by 
Kristof according to the perspective theory: the fin figure a is localized further back 
because it is smaller than the fin figure d. The figure used in Kristof's experiment 
allows this interpretation; the explanation is, however, doubtful. Owing to the 
apparent depth in Figure 2 the distance d is perceived further back than a. The 
contrast explanation leads us to predict that the distance d will be perceived still 
smaller than a, because there is interpartial contrast between d and the big fins; 
and also a will be perceived as greater due to interpartial confluxion with the smaller 
fins. An underestimation of bar b as compared to c should occur, because the 
Position of b is liable to intrafigural contrast, and c to intrafigural confluxion. On 
the basis of the constancy theory it may be predicted that the distance d will be 
Overestimated as compared to a, and bar c in turn overestimated as compared to b, 
if secondary scaling operates in the supposed direction. 


Figure 3A is a modification of Oppel's figure. It has been established that a 
divided line ab is overestimated. The constancy theory does not provide an 
explanation. This is seen clearly if the elements to be compared are two squares 
With stripes in opposite directions (Helmholtz’s squares). According to the contrast 
explanation interpartial contrast between the total distance ab and the small intervals 
ed occurs. This implies that distance ab is perceptually enlarged and distance cd 
Perceptually diminished. In one of the experiments by the present author it turned 
out that the Oppel's illusion was a parabolic function of the number of the dividing 
bars (the least square parabola was E = —0:052 D? + 0-980 D + 1-761). The 
illusion reached its maximum with eight bars. In that experiment the breadth of 
the bars was 1/20 of the divided distance, the number of dividing bars varied from 
© to 19 and the number of subjects was 20. The method was similar to that reported 
in Virsu (1966). Also the bisected distance was overestimated. It is generally 
assumed, however, that underestimation occurs In this situation (see e.g. Oyama, 
1960). An underestimation of the bisected distance cannot be understood on 
the basis of the constancy theory. The contrast explanation makes both results 
intelligible, According to Cymbalistyj (1949) the whole-perceiving attitude is 
favourable to confluxion. Depending on the instructions and experimental conditions 
either contrast or confluxion takes place in a figure divided with a single bar because 
Confluxion may occur with the great dividing distance. Contrast occurs if the 
dividing distance is smaller than half of the divided distance. The contrast effect 
i hen the size difference between the dividing 


Taking symmetry into consideration it may be predicted that in Figure 3A the 
dividing distance will be underestimated. It may also be predicted that the under- 
estimation of the dividing distance is a curvilinear function of the size of the dividing 

stance; the function is supposed to be first an increasing and then a decreasing 
function in the same way as the size of the illusion. Ifa prediction is to be made in 
this situation on the basis of the constancy theory, We should assume that the 
dividing distances are overestimated. 


202 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


RESULTS 
Experiment x 


The subjects judged, on the average, the distance a to be 2:71 mm. or 6:77 per 
cent. longer than d. Line c was assumed on the average to be 1-71 mm. or 8:55 per 
cent. longer than line b. The standard deviations of the estimations were 2:31 
and 1-06 mm., respectively. In both cases the difference between the mean error 
of estimation and zero is highly statistically significant. Six subjects judged a 
equal to d and 18 subjects judged a longer than d. Correspondingly, c was judged 
equal to b by four subjects and longer than 5 by the other 20. 

The order of perceived distance in depth is indicated in Table II. 


TABLE II 
The order from the nearest to the most 
distant part of the figure Frequency 
m Boda). AN 

a—b,c,d 12 
a=b=cd I 
a, b,c, d 3 
ba 6, d 1 
Dc, a, d I 
d,c,a,b I 
c, d, b,a I 
d,c,a=b 

ca p 


The equality sign indicates a judgement of equal distance. 


ponses placing a and d im non-extreme 

: t ausible to assume that secondary scaling 
perceived the order of ee i judging this figure, The four subjects who 
i rene to expectation showed errors of estimation 


the distance ab expressed in mm. and in 


sponding values for cd. 


'42 | —3:17 —079 | ~o; 
620| Bro d 826 


s —8:67 
1°75 | —1:62 à 
1039| 874| 815 


— «a 
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TABLE IV 
ERRORS IN THE REPRODUCTION OF THE DIVIDING DISTANCE cd IN FIGURE 3A 


Figure .. wit I 3 | 5 7 | 9 II 13 17 24 49 
Mean mm Ee gms PUE HET 
e m m 35 —066 034 142 r27 I'51 1:05 0:87 "6 . 
Mean per cent... e| 107 —26 20 ir4 127 181 147 15:7 16-27 i 
SE mm. EM aa 6:97 3°20 3700 3:58 1'9r 1:66 124 1:51 0:98 ogr 
.D. per cent. .. m I3'9 iz8 18-0 28:6 191 199 174 272 24:5 454 


ee aaa 


TABLE V 
ERRORS IN THE REPRODUCTION OF THE FIGURE 3B 


Figure wd o 1 3 5 | 7 | 9 1I 13 17 24 49 
Meis mm. — 1:28 000 2:68 2:83 2:93 1:90 1°77 179 r25 r4 0:68 
s D^ per cent. -13 oo 107 16:9 234 19:0 2r2 251 225 285 340 
SD mm. .. d 713 448 2:49 r77 1-68 1:36 rr 1:36 0:84 0:92 0:62 
Sau: per cent. aie 71 go 10°0 10°6 134 13:6 133 190 Isl 22°9 309 
Square I mean mm. | — 4-48 006 3:28 2:76 309 r87 146 1:63 136 ris obr 
quare II mean mm. r93 | — 006 2-08 2:90 277 1:94 2:08 1*95 ri4 reg 075 


The results obtained by Procedure B are given in Table V. The means of the 
Latin squares I and II show only small differences which can be regarded as chance 
effects. It is concluded that the marks the subjects made in part A of the experiment 
to indicate the distance ab have no effect on the estimations of the distance cd. 
The greatest square difference was obtained with the Figure O, where cd is 100 mm. 
The result of the square II may be explained by referring to the two-point drawings 
On the response sheets which in the majority of cases exceeded the distance of 100 mm. 
Possibly the subjects supposed that the distances of these points were same as the 


Stimulus distance of roo mm. 


The main results of Experiment 2 are shown in Table VI and in Figure 4. The 


average contrast effect can be obtained by subtracting the mean errors of estimation 
tained using Procedure B for the estimation 


in Procedure A from the mean errors o [ hi i 
of the same distance cd. Errors due to the experimental procedure ( unexplained 
f contrast is seen in positive 


errors”) can be eliminated this way, and the existence o 
Values. Table V shows the degree of distortion in the stimulus figure when no other 
dividing bars are present. The results indicate a new type of illusion: the distance 
between two vertical lines which are near each other may be overestimated by as 
much as 30 per cent. of the physical distance. With large differences in size the 


contrast phenomenon may even change to the opposite, at least when subjects are 


instructed to estimate apparent size. The results in Table IV show the error in the 


distance cd when the predicted contrast effect and the error due to the experimental 
Procedure are confounded. This type of mixed effect in investigating geometric 
illusions is often interpreted as the final effect. In this case the error measured 
differs from that supposed to be measured. , 

The results in Table VJ are clearly in the predicted direction. In the second Latin 
Square in part A the Figures I and 9 which correspond to Figure 3B showed a mean 
effect of contrast of 6-09 and 0-72 MM., respectively. This result corresponds to the 
Tesult obtained by using the procedures A and B together. It may be noted that 
€ach of the five subjects who participated in both parts of the experiment had a 
higher total mean of errors in part B than in the corresponding task in part A. Only 
One of these five served as subject in the second square in partA. The correspondence 
between the experimental groups can be considered fairly good, 
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TABLE VI 
Contrast EFFECTS IN DIVIDING DISTANCE AND THEIR SIGNIFICANCES 


Figure | I | 3 | 5 | 7 9 II 13 | 17 24 49 
Mean contrast mm. -| 535 3°34 2:49 I'51 0:65 0:26 07. 0:38 049 O21 
Mean contrast per cent... 107 I34 149 12:1 6-3 31 moe 6 à 12:2 10'5 
S.D. mm. .. " e| 5-9! 2-91 2:52 287 1:69 144 1°31 1:25 0:96 079 
S.D. percent, .. -| 120 11-6 151 230 16:9 i73 183 22:5 240 39:6 
t (d.f. = 44) e s 399] 384 332 1:76 r2 0-53 1-89 102 P7 0°89 


P(t > 1-68) = 0-05; P(t > 2-41) = oor; P(t > 3:28) = o-oor 


In Table VI the percentage mean contrast should be the same as the total illusion 
Predictable on the basis of the contrast effects (mean contrast of one interval x the 
number of intervals), on the assumption that the contrast effects are additive. 
Figure 4 shows that the prediction concerning the correspondence of the two types 
of error in question is not borne out. Perhaps this is due in part to some factors 
other than properties of contrast or chance. Yet, the curve corresponding to the 
estimated error has the same form as the curve based on empirical results up to the 
interval of 5:5 per cent. The product moment correlation between the estimated 
and the empirical values is —0-56. The negative value of the correlation is possibly 


FIGURE 4 


Percent Error 


NC SR. by referrin 
Coefficient an, Ach h 
suggest that ange random variation with 


pre dic fed on ie pen trast effects are not 


of small distances in the correlation 


the small values. In any case the results 


additive beca H i ion is 
i us: S 
asis of the c ntr. f : g € an excessive illu 
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reached the value —8-67 mm., which differs from the mean error of estimation in 
stimulus figure O (—3-42 mm.) at a highly significant level (t = 4-23, d.f. = 23). 
Stimulus F was thus underestimated. All the other stimulus figures including the 
bisected distances were overestimated. The results cannot easily be explained by 
referring to constancy. 


DISCUSSION 


The results which were obtained are in accordance with the predictions made on 
the basis of the contrast explanation. The predictions based on the constancy 
theory turned out to be unsatisfactory in the figures used here. The figure in 
Experiment r has a tendency to bring about secondary scaling. Explanation of the 
results by reference to primary scaling could make them more intelligible; this 
explanation would, however, clearly be of an ad hoc type. Secondary scaling is not 
likely to occur in the figure of divided distance. But how could it be explained by 
reference to primary scaling? It is clear that the constancy theory in its present 
form does not give adequate initial conditions for explanation: it is hard to decide 
When the constancy scaling takes place, and when one should speak of primary vs. 
Secondary scaling. On the other hand, there is evidence enough that the constancy 
theory will not yield a sufficient explanation of all geometric illusions and of the 
regularities which have been found even with adjustments to the theory. This may 
be supported also by Jahoda's finding that among tribes in Ghana there were not 
differences in Müller-Lyer illusion in the direction predictable from the constancy 
theory (Jahoda, 1966). : . 

In his discussion of theories of geometric illusions Gregory does not mention the 
Contrast explanation (Gregory, 1966, pp. 141-145). We agree with Gregory that 
all the other general theories except the constancy theory may be rejected, if we do 
not count the contrast explanation a theory. However, contrast and confluxion are 
concepts worthy of consideration, since the use of them, as we have seen, can provide 
Successful predictions. No doubt there is conceptual vagueness in the contrast 
explanation, and the use of opposite principles of explanation may be dangerous. 
But, should we not base our explanation on opposite principles, if opposing mechanisms 
exist which would account for the perceptual processes? As a matter of fact, the 
vagueness of concepts which could be applied in a contrast theory if developed would 
not be greater than what we encounter in the constancy theory. . Both contrast 
and confluxion can be interpreted to represent biologically meaningful forms of 
Stimulus generalization. The generality ap — adequacy of contrast and 
confluxi arable to that of constancy. 

‘The auicm ot e einet 2 lies in the fact that it makes the explanation of 
illusions occurring in divided figures by reference to the contrast phenomenon 
Plausible. The contrast explanation is, however, far from being sufficient to explain 
all illusions. For example, explanation of the illusions of direction by Teference to 
Contrast and confluxion is not successful. According to Morinaga a “paradox of 
displacement" appears in Figure 5: the distance between the points b looks smaller 
than the distance between the points marked a in Figure 5A, but in Figure 5B the 
distance between the end points b of the vertical lines seems to be longer than the 
distance between the other end points a (Oyama, 1960). The conclusion Morinaga 

Taws is that “the illusions in direction are independent of the illusions in distance 
or in location.” The direction of the illusion in Figure 5A can be explained by 
Teferring to confluxion, but the same explanation cannot be applied to Figure 5B. 
As Ebbinghaus has remarked (Ebbinghaus, 1913, P- 74) Lipps's figure (Fig. 1) 
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FIGURE 5 


A B 


is a fragment of Zóllner's figure; nevertheless, the illusion in Lipps’ is in the 
i "nt of i ; » n Lipps's figure is in 
opposite direction. _ This further supports the Suggestion that Con sateni ion 
and the overestimation of acute angles are two separate phenomena. Most probably 
the overestimation of acute angles is a phenomenon contributing to the occurrence 


gural distortion on a back- 


Tas ceri cot Sangria aia ame a daco dna 


certai i i 
an rq Physical DES functions, Using the method of ratio estimation, 


It still is not clear Why constancy Scaling did not appear 
O92 tora ' Squares, and circles, The exponents for these 
It is probable that n i 

t i S ; 
confined principle, Pres; bi illusions are explicable in terms of only one strictly 


à : suma 
Which contribute to the formation ot a^ contrast and confluxion are all phenomena 


and confluxion, operate ; sions. In most fi es contrast 
of a theory of gestus las P and in the same direction, aoe development 
Should be taken into accom He * factors, all of which are biological! meaningful, 
illusions, Owever, this does ; Kind of theory might suffice to niim geometric 
aeeouiney mechanisms of e t "UPly that there are not other biologically 
conditions, Perception which may produce illusions in inappropriate 


ES) 
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REVERSAL OF THE MULLER-LYER ILLUSION WITH 
CHANGES IN THE LENGTH OF THE INTER-FINS LINE 


BY 


BRIAN J. FELLOWS 
From the Department of Liberal Studies, Portsmouth College of Technology 


Subjects were asked to judge the relative lengths of lines placed between the ingoing 
and the outgoing fins of a Müller-Lyer figure. It was found that with the gap between 
the fins constant at 160 mm. there was a reversal of the normal Müller-Lyer illusion when 
the inter-fins line was between 40 and 100 mm. long. This effect was maximal when the 
line was 80 mm. The normal illusion returned when the line was increased in length to 
I20 mm. These findings do not Support Gregory's inappropriate constancy scaling 
theory. They seem to suggest the operation of two distinct illusory forces in the 
Müller-Lyer Situation. The reverse illusion may be due to the greater expansion effect 
mun the line between the ingoing fins, caused by the greater “enclosing” nature of these 


INTRODUCTION 


_ Gregory (1963, 1966) has proposed that the Müller-Lyer, and certain other, 
illusions are the result of Inappropriate size constancy Scaling. Since the illusion 


and fi i hs § mechanism can account both for expansion 
or contraction (which is not clear), one might predict from this ende that any 


i ; d to investi i tion 
in detail. e estigate this unexpected observa 
wih the length of the teri ig" S reversal of the Miller Lyer uon var 
Is there a balance point where the PAS there a point where the effect is maximal 


cach other out to produce perfect Te Clem effect and its reverse cancel 


Apparatus METHOD 


eng d. pairs of fins were drawn in black Indian 
PE pe in Figure I. Measured from the Porn the length ° 
. € fins were ro mm. wide and the inside angle was 80°. The 
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between the outgoing fins (outside corners) and the ingoing fins (inside corners) was 
7 mm. 
For the inter-fins lines, seven sets of six black rectangular cards were prepared, all 
10 mm. wide and approximately o:5 mm. thick. Each set contained one standard length 
and five comparison lengths of measurements as shown in Table I. 


FIGURE 1 
Ingoing fins Outgoing fins 
Line | Line O 
M-L Cards. 


Subjects 


Sixteen first year college students, all studying psychology as part of a General Degree, 
Were employed às subjects. All subjects were familiar with the Müller-Lyer illusion and 


Well experienced at making visual judgements of length in experimental situations. 


Procedure 


The experim nducted in a well lit room. Experimenter and subject stood 

On. opposite Mo table (2 ft. 6in). On the table between them stood a 2 ft. 

igh screen, There was a }in. gap between the bottom of the screen and the table. 

€ experimenter placed the appropriate rectangles in position on the M-L cards, midway 

etween the fins, and then pushed the two cards along the table, and through the gap 
under the screen for the subject to look at them and make his judgement. 


hologically sophisticated enough to 
hence, avoid the possible methodological 
drawbacks of its i p howed this assumption to be justified). e 
of the results showe 
mbet aan a te gap Delea ta ine on te to care were ea) 
i jd his 1 ive le 
sopas Gone to avoid his judgement or Ea ds of the rectangles and the fins. 


aff N : n the en 
wes by the relative sizes af Vie ods Mera withdrawn and rearranged for the 


mmedi. H 3 5 es 
next ie ihe oec ia pac m a response and the next presentation was approximately 


There were seven experimental sessions, with ro trials in each session. E ed 

Standard length was employed in each eon, Each comparo tegi er pe p 
wice per session; P (he first half of the session and o j 

between the aean fesad once between the outgoing fins; and once to the left of the 


iti E lternated 
Standard ight. The positions of the two M-L cards were a 
from one PT us ae the paid occupied by the longer rectangle (a) between 


i ht of the subject was 

© ingoin ing fins, and (b) to the left or to the ng 

randomly Monod orhi Bath session. The sequence of stones Ne from one 
Session to the next was randomly varied between subjects. ic Pond experimental 

Periods. In the first, four sessions were completed eT EUH. y ae week later, 
sex, remaining ‘three sessions. Otherwise, approximate y - elapsed between 
essions, 
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RESULTS 
Table I shows the judgements of the relative lengths of the inter-fins lines for 
each standard length. It indicates the total number of subjects judging each 
comparison Iine to be either longer than, equal to, or shorter than the corresponding 
TABLE I 
JUDGEMENTS OF THE RELATIVE LENGTHS OF THE IxTER-FINS LINES 


; ne is situated ej ingoing fins 
Tred to as Line Jj, oret ed either between the ingoing 


Line r Line o 
Standard 
Comparison (mm.) (mm.) Comparison (mm.) 
22 | 2r 20 I9 | i8 20 18 | rg 20 2r | 22 
15 8 5 I I Longer o I 6 12 15 
I 7 5 2 I Equal I 2 5 3 T 
o I 6 I3 14 Shorter 15 I3 5 I 2 
42 | 4r | 4o 39 | 38 40 38 o 41 | 4 
39 | 4 Bu 
13 II 8 3 I Longer o 8 
3 4 6 4 5 Equal o H 6 5 3 
o 1 2 9 10 Shorter 16 15 8 6 5 
BSc | | | tos 
64 62 60 58 | 56 60 56 58 6o 62 E 
Sn m e L 
16 13 95 5 2 Longer iI 
o 
o 3 45 5 4 Equal o a R 5 E 4 
o o 2 6 10 Shorter 16 ae 6 I 
-N LI OE | 14 9:5 ge 
8. 82 8 
4 o j Z | 26 80 76 | 78 | 80 Ba: | 84 
16 16 Ir 8 Ed mec eum 
2$] 8 S|s| Em (2| 8| eel 5| 4 
o I5 2 II Shorter 16 ü 2 : 7 5 
I04 |ro2 | roo 8 eo [pM rec 
9 96 roo 96 98 roo I02 104 
16 | rg ; | TA =a 
o : S 4 4 Longer 2 I » 5 9 
5 : 3 5 4 Equal 2 3 3 4 4 
55 | 7 | 8 | Shorter | i2 | 3 » 7 3 
I2q | 122 Ean ES a | Ls ——— 
E E | II8 | rr6 120 116 | rr8 | r20 122 ise s 
13 5 $ EE Poo 
2} 4] 5| 8| 1| Lee | 3| 2| 8 | | # 
I 7 H " 2 Equal 3 4 35 3 3 
NR 13 Shorter IO Io 45 I I 
144 | 142 | r40 E [OE 9 
4 138 | 136 140 136 144 
——À Ei 3 I38 | rgo 142 
II 2 I DET —— 
Al $ o Longer 16 
2 3 = 2 o Equal i : ps 2 S 
Ir 12: I 4 2 
5 4 16 Shorter IO 4 1:5 o 9 
Standard line 
; dt 
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interchangeably as standard and comparison, the judgements with respect to them 
have been summed and halved to give the figures shown in the table. 

The effects of the length of the standard line upon the judgement of the relative 
sizes of Line I and Line O can be seen more clearly in Table II. 


TABLE II 


"LoxGER" AND "EQUAL" JUDGEMENTS FOR EACH PHYSICAL DIFFERENCE BETWEEN THE 
Two INTER-FINS LINES 


—————————Ó HM — M 


Longer line 


Standard 
Line I Equal Line O 
Judgement 2mm. rmm. o Imm. 2mm. 20mm. 
Line I 30 21 1o 2 1 
Equal 2 9 10 5 2 
Line O o 2 12 25 29 
2mm. Imm. [^] Imm. 2mm. 40 mm. 
EN | Sages 
Line I 29 26 16 9 6 
Equal 3 5 12 9 8 
Line O o I 4 14 18 
4mm. 2mm. o 2mm. 4mm. 60 mm. 
p eee | ue | OES] 
Line I 2 27 19 II 3 
Equal S 5 9 10 8 
Line O o o 4 II 2I 
4mm. 2mm. o 2mm. 4mm 80 mm. 
Ecc] | Sume [o —— 
Liel .. 2 29 22 15 6 
Equal, 3 3 7 10 M 
Lineo ., 6 o 3 7 I 
e VEM.) n 
4mm. 2mm. o 2mm. 4mm. roo mm. 
| pn E eel 
Line I 28 25 15 II 7 
Equal z 4 6 9 8 
Line O à 2 3 II 12 17 
Ec eS ee] EL E 
4mm. 2mm. o 2mm. 4mm. 120 mm. 
E 
Line I 2 15 9 4 2 
Equal 3 8 7 9 5 
Lineo .. 1 9 16 19 25 
CENE Y cde. um = 
4mm 2mm. o 2mm. 4mm. 140 mm. 
| A 
Tae I = 6 3 o 5 
paal 7 7 4 3 3 
ine O 4 19 25 29 


te 


‘Equal” judgements are shown J 
(irrespective of which is standard and which 


In this table the number of “Longer” judgem 
for each physic 


ents for each line and the number of 
al difference between the two lines 
is comparison). For example, with a 
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i j longer than Line O (i.e., when 
d length of 80 mm., when Line I was 4mm. long € Š 
Et JS a. and Line O — 8o mm., and when Line I — 80 mm. and Line O 


j i imes; 
received 29 “Longer” judgements and was judged to equal to Line O d D 
when the two lines were equal Line I received 22 * Longer E erm a her. 
received three and seven judgements made them equal. From Table 


determined for the two lines at each standard length. The po 
"Longer" judgements were converted into z Scores and plotted against "imt Longer” 
in the lengths of the inter-fins lines, Straight-line graphs for the “Line o 
and "Line O Longer" points were fitted using the averaged z scores tec The 
(Woodworth and Schlosberg, 1954), thus effectively utilizing all the data. 


Increasing the standard to 40 mm. (one-quarter of the gap between the fins) pr ee 
a reversal of the normal Müller-Lyer illusion; here, the line between the outgoing 1) 
(Line O) needs to be Imm. longer than the line between the ingoing fins (me 
for them to appear equal (PSE). The tendency to underestimate Line O as poe tne 
with Line I increases when the standard length is increased to 60 mm. (three-eigh ag 
of the gap between the fins); here, Line O needs to be I:9 mm. longer than Lin 


FIGURE 2 


1 Reverse Müller-Lyer illusion 


Longer line at PSE (mm) 


Normal Müller-Lyer illusion 
3- , 


m o 100 120 140 
(8) i] q (b) 


be » 
o [7 (i) 


Length of inter-fins line (mm) 
(Proportion of total gap between the fins) 


Direction ang extent of illusion for different lengths of inter-fins line. 
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IforPSE. The reverse Müller-Lyer illusion appears to be strongest when the inter-fins 
line is 80 mm. (one-half of the gap between the fins) ; here, Line O needs to be 2-8 mm. 
longer than Line I for subjective equality. Increasing the length of the inter-fins 
line to 100 mm (five-eights of the gap between the fins) reduces the required difference 
for PSE to r6 mm. Increasing the standard length further to 120 mm. (three- 
quarters of the gap between the fins) reverses the effect, thus restoring the normal 
Müller-Lyer illusion ; here, Line I needs to be x mm. longer than Line O for subjective 
equality. The strength of the Müller-Lyer effect is increased when the length of the 
inter-fins line is raised to 140 mm. (seven-eighths of the gap between the fins) ; now, 
PSE occurs when Line I is 2:9 mm. longer than Line O. The balance point, where 
the normal Müller-Lyer and the reverse Müller-Lyer effects cancel each other out, 
Seems to occur when the standard is about 110 mm. 


DISCUSSION 


The present experiment has shown, firstly, that the normal Müller-Lyer illusion 
is reversed when the inter-fins line is somewhat shorter than the total gap between the 
fins and, secondly, that the effect varies in a regular manner with changes in the 
length of the inter-fins line. The reverse effect seems to be maximal when the line 
is about half the size of the gap. Increasing the length of the inter-fins line produces 
a progressive swing back to the normal Müller-Lyer effect. These findings fail to 
Support Gregory's inappropriate constancy scaling theory which would predict that 
the shorter lines would be subject to the same effects as the complete shaft in the 
Müller-Lyer figure. = : Á 

There appear to be two possible ways of explaining these findings. Firstly, one 
may argue that the same process is involved as in the normal Müller-Lyer illusion, 
but, for some reason, the effect is reversed when the length of the line is reduced 
Telative to the gap between the fins. A second, and possibly more fruitful hypothesis, 
1s to postulate the operation of some other process as being responsible for the reversal 
effect. Thus, the process involved in the normal Müller-Lyer illusion works most 
effectively when the inter-fins line is complete, but as this line is shortened the 
Second process gradually exerts its influence to reverse the effect. A likely candidate 
for this latter role is that process which is responsible for making objects in enclosed 
Spaces look larger than the same sized objects in open spaces. The ingoing E b pud 

ave a greater “enclosing” effect than e as fins and, therefore, should be 
expected rt interposed line far more. . 

go bur iare ecu would be that since the enclosure ra 
Produces expansion of objects in all directions the line between the ingoing fins uw 
not only look longer than the line between the outgoing fins, but also should loo 
fatter, This was informally confirmed in the present experiment from the spontaneous 
comments j this effect. : 

A te =e zeucéts the enclosing effect of the outgoing fins. it oa 

© argued that though this effect is much less strong than that of the e ns, 
nevertheless, space on the card is restricted by the fins and, hence, there sl ould be 
Some expansion effect relative to a plain card with no fins. This prediction is, 
however, complicated by the fact that the outgoing fins do RHpear to have an 
expansion effect on the whole space in between and, so, might equally well be expected 
to produce a slight contraction effect relative to that ofa plain card. To test these 
Predictions the 16 subjects employed in the main experiment were recalled for one 
further session in which the 80 mm. set of inter-fins lines was used. The comparisons 
to be made were between unenclosed lines on a plain card the same size as the M-L 
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cards (Line X) and lines positioned (a) between the ingoing fins (Line I) and (b) 

between the outgoing fins (Line O). The results are shown in Table III and set out 
TABLE III 


"LONGER" AND “EQUAL” JUDGEMENTS IN COMPARING AN UNENCLOSED LINE (Line X) 
WITH (a) LINE I AND (b) LINE O. STANDARD LENGTH — 80 MM. 


Longer line 
i Line I Equal Line X 
a) 
Judgement 4mm. 2m. o 2mm. 4mm. 
EE E — 
pum I s at 32 27 23 10 3 
qual E o 4 7 10 10 
Line X sw o I 2 12 19 
" Line O Equal Line X 
i AE 
Judgement 4mm, 2mm. o 2mm. 4mm. 
ho os. |. e 
Line O.. sia 27 24 8 2 
3 
Pal : SA 3 5 12 8 3 
e an 2 3 12 21 27 


The similarity of the distribution of 


i s andard in Table II confirms that the 
Main factor in the reverse Müller-Lyer illusion is the expansion effect of the ingoin& 


: longer than Line I as compared wit 
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INTERMANUAL TRANSFER OF PRACTICE DECREMENTS 
WITH A HAPTIC ILLUSION 


BY 


R. OVER 
From the Psychology Department, University of Otago 


_ Sixteen subjects were given 8 pre-practice, 8o practice, and 8 post-practice trials 
with the inverted T illusion figure. Judgements were made haptically with one hand 
being used on pre- and post-practice trials and the other hand on practice trials. Mean 
illusion diminished in magnitude over the practice trials. Inter-manual transfer of the 
Practice decrement was found, but it was partial rather than complete. The illusion 
after practice was less than before practice, but it was greater than the error found on the 
last block of practice trials. The bearing of these results on the different theories of 


illusions is considered. 


INTRODUCTION 


Kóhler and Fishbank (1950) have treated geometrical illusions as instances of 
contour displacement dependent on cortical satiation. They have claimed that 
extent of satiation, and thus the amount of illusion obtained, is modified during pro- 
longed inspection, or over repeated trials. Data showing crossmodal transfer of 
Practice decrements (Rudel and Teuber, 1963) fail, however, to support this analysis 
of the practice decrements that are found with most illusion figures. A haptic 
illusion of the same magnitude as the visual illusion is found when a blindfolded 
Subject moves his finger over the Müller-Lyer figure. Decrements in illusion obtained 
Over repeated visual trials transfer to haptic judgement, and vice versa. Thesatiation 
theory is unable to account for these data in that it postulates that satiation is 
Testricted to the sensory system stimulated during inspection. 

The present experiment provides a further test of the satiation theory. In their 
account of kinaesthetic after-effects Köhler and Dinnerstein (1947) have claimed, 
mainly because there is a contralateral projection within the tactile and kinaesthetic 
Sensory systems, that satiation developed through kinaesthetic inspection is restricted 
to the hand used during inspection. Kinaesthetic after-effects are in fact generally 
Measured by presenting a bar of given width to one hand during the inspection 
Period, and a bar of different width (the standard stimulus) to that hand and a bar of 

to the other hand when obtaining post- 


Variable width (the comparison stimulus) e ot! r 1 
inspection measures. Data obtained in a situation in which subjects made absolute 


Tather than relative judgements (Singer and Day, 1966) indicate that kinaesthetic 
after-effects do not transfer intermanually. From the satiation theory it would thus 
€ predicted that practice decrements obtained with a haptic illusion when inspection 
as involved only one hand would not transfer when judgements are subsequently 
Made with the other hand. Data on the crossmodal transfer of practice decrements 
Rudel and Teuber, 1963) suggest, however, that intermanual transfer will be 
obtained, 


METHOD 


Subjects. The 16 experi 1 subjects and 8 control subjects were und 
. perimental subjects @ 5 à ndergraduate 
students. They were previously unacquainted with the task and had no knowledge of 


€ aim of the experiment. 
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(F = 142, d.f. 1 14, $ > oo i 
142, d.f. I, 14, 5), and the t 
pe significant (F = 0-88, d.f. 11, 154, p Saly E 
y E R or by t tests for correlated means, as appropriate 
Mn eed Adan „On practice trials 73-80 was significantly less than that 
decrement Re Cas ee E: Ne er re Md o 
t š i ; i : 
experimental subjects was significantly less te recen esie. 


d.f. 15, p < oo : : 
however avers 5). The two sets of judgements made by the control subjects, 


illusi ent (! = 0-42, d.f.7, p > 0°05). the smaller 
lon found after practice, relative to en in oes des for the 


arting position interaction ur 
Further comparisons were mâ! 


Practice trials 1-8 Œ= 1-29, d.f. 15, p > 005): 
Ctice trials was significantly greater than that 
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was, however, greater than that found at the end of the practice session during which 
the other hand had been used to inspect the figure. 


The individual data can be briefly outlined. All subjects showed a definite 
haptic illusion; for each subject the distance between the point of bisection and the 
position on the bisecting line at which the marker was set was less than the length of 
the bisected line on each of the first eight settings. Decrements in the magnitude of 
the illusion were obtained for 14 of the 16 experimental subjects. For 13 of these 
I4 subjects the mean illusion on post-practice trials was less than the mean illusion 
on pre-practice trials, and for the other subject there was no change in mean illusion. 
Mean illusion on post-practice trials was greater than mean illusion on pre-practice 
trials for both of the experimental subjects who did not show a decrement over the 
practice trials. 


Discussion 


Both the present results and data on crossmodal transfer (Rudel and Teuber, 
1963) indicate that decrements in the magnitude of an illusion over repeated trials 
cannot be attributed to processes which are restricted to the sensory system or 
sub-system stimulated during inspection. The treatment of practice decrements 
offered by Köhler and Fishbank (1950) is inadequate in that it has postulated that 


satiation is restricted in this way. 


It has commonly been claimed (e.g. Judd, 1902; Day, 1962) that pans 
decrements develop from attitudinal changes that occur over repeated trials. The 
Subject is said to shift from a wholistic to a partistic basis of judgement and to 
become less influenced by surrounding contours when judging the spatial Cx cg 
of a component of the figure. Intermanual transfer of practice decrements sho 3 
be found in that an attitude shift over repeated trials should not be restricted to p 
hand used during inspection. It would be expected that the transfer beans : 
complete rather than partial. The major weakness of the attitudinal ene 
Practice decrements is that it offers little specification of the judgemental shift w. et 
is supposed to occur. The account will generate testable implications only when suc! 


a specification is available. : E 
. Piaget (1961) has treated illusions as products of processes by Eee RUN E 
information is selectively sampled during inspection. He has claimed tha wee parts 
of an illusion figure receive more attention than others and are consequen “Ap 

estimated in size. Attention is considered to become more evenly benc Na 
the total figure during repeated trials. If attention is given a central locus, Piaget s 


treatment becomes similar to the attitudinal account considered above. be ; n 
attention is specified and measured in terms of peripheral processes such as axat 


Piaget's account is readily testable. It implies that illusions are found in all 
Modalities in which inspection involves the sampling of informati 


that is, in visual and haptic space but n otin, uude ee e rn adopted by the 


would b i odifications in the inspection pa 

Subject. LUN en a eana] transfer obtained would be “la = the 
extent to which the inspection pattern adopted by the hand ice pe LT is 
similar to that employed by the other hand at the end 2: Tea cs als. Cross- 
modal transfer of practice decrements can be considered in s s. 


This research was supported by à grant from [ENDE Zealand Universtiy Stink 
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COMMENTS ON THE INAPPROPRIATE CONSTANCY 
SCALING THEORY OF THE ILLUSIONS AND ITS 
IMPLICATIONS 


BY 


R. L. GREGORY 
From the Psychological Laboratory, Cambridge 


, In the literature of perception no clear distinction is generally made between: 
() the processes leading to perceptual correction for changes in retinal image size 
with object distance, and (ii) the final resuli—near-invariance of perceptual size with 
object distance. Thus, J. J. Gibson is not at all concerned with brain mechanisms 
giving constancy, but regards it as determined by the surrounding pattern of the 
prevailing external world and to be fully describable in terms of texture gradients 
and the other pattern features he has done so much to investigate. But we must 
face the fact that the monocular depth cues are open to many interpretations, and 
it is difficult to believe that perception is wholly determined by them or can be 
understood without reference to brain processes involving probabilities. There 
are two particular situations which drive us away from Gibson’s position: (1) depth- 
ambiguous figures, such as luminous Necker cubes, which change in shape following 
Emmert’s Law with each reversal though the retinal pattern remains constant; 
(2) the limiting case of a single object having no visible background to determine 
its size or distance. Gibson does not consider the first of these, and says of the 
second that size and distance are indeterminate under these conditions. But the 
first shows dramatic and repeatable effects, not to be dismissed lightly, while for the 
second Gibson is forced by his position into statements empirically incorrect. He is 
forced to say that the moon, or an after-image viewed in darkness, have no perceptual 
Size or distance. But they have a quite clear size and distance, which can indeed be 
measured. They may fluctuate, and may be wildly in error, but we never see an 
object or after image having no perceptual size or distance. Luminous figures viewed 
in darkness reveal that we accept hypothetical sizes and distances. Depth-ambiguous 
luminous figures change in step-functions, revealing alternative perceptual hypo- 
theses—and perceptual constancy follows each hypothesis of distance. It is thus 
clear that constancy is not always tied to the external visual pattern. A “stimulus” 
theory cannot be adequate, because it cannot describe the ambiguous figure case, 
or the limiting case of zero context information. — . 

Gibson almost completely dismisses the distortion illusions, at times saying they 
do not exist. They are difficult to reconcile with a view of perception which regards 
Percepts as determined by the pattern of the external world, without reference to 
brain processes which may be upset in certain situations. This leads us back to 
the distinction between (i) the processes leading to constancy and (ii) the size- 
distance invariance itself. We term the processes “constancy size scaling ' (or for 
Short "constancy scaling"), implying active brain processes, producing the size- 
distance invariance, to give constancy. ) d 

. Considering now the scaling processes: the theory essentially involves two very 
different kinds of scaling, the first being tied to typical prevailing depth information, 
While the second is tied to the current perceptual hypothesis. Up to now I have 
called these “primary” and "secondary" scaling respectively, but it may be convenient 
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to identify them by more explicit names. I suggest: “Depth cue scaling" and 
“hypothesis scaling” for the processes giving constancy. Illusions occur when either 
of the scaling systems is set inappropriately to the prevailing three-dimensional 
external world. The standard visual illusions are to be attributed to depth cue scaling 
being set by perspective depth cues inappropriate to the flat figures. Other depth 
cues can give distortion when set inappropriately, such as incorrect convergence of 
the eyes through deviating prisms, or the "wall paper" effect when horizontally 
displaced repeated patterns are fused with resulting error in size. It is a matter for 


maintained though there is no certain sensory 
Favourite cannot always win, but an Outsider does not 


Tceptual hypotheses run away from sensory 
control. 


It is in the light of these general considerations 
points made by Zanforlin, Virsu, Fell 
Dr. Zanforlin, in his first Paragraph, 


ree dimensions (though truly fl ing to their 
i : y flat), according to 
Perspective features. he queer paradoxical depth of pictures 


for the di 


: : es 
or objects hay B E rtis that the distortions occur in figur 
true shape or Peed typical perspective features which are at variance with the 


example: the converging lines 
T-Lyer figure mislead the per- 


ceptual constancy vj sche arrow heads of the Mülle 
y es are generally reliable perspective 


mechanism because these shap 


l——— 2 58 —— AES ee 
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guides to the third dimension; but in these flat figures the eyes are misled because 
the perspective instead of being generated by the usual geometrical shrinking of the 
image with distance is present in the (flat) object itself. 

This takes us to Zanforlin’s doubt about my ability to define “depth features," 
and his complaint that perspective representations can be ambiguous. I would go 
further and say that perspective is always ambiguous, and that it is this ambiguity 
which presents a major and continual problem to the perceptual system. We 
Should think of this as a problem confronting any conceivable perceptual system 
allowed only two-dimensional representations of three-dimensional reality. The 
ambiguity results from the loss of a dimension at the eye, and perceptual theory 
should start with this basic situation. Ambiguity of depth is reduced as much as 
possible by the use made of the various “depth cues” (investigated by Helmholtz, 
Ames, the Gibsons, and others), typical perspective shapes being used by post-early 
Renaissance artiste to indicate the third dimension with fair success. Aram he 
however handicapped by the texture of et by require special perceptual 

pe g y S ese CON sa y 
Jeanne ti et. that a picture has a kind of ees eae is 
cannot suppose that constancy scaling can be set correctly both ems he pi mapa 
flat object and for the objects it depicts in the quite different pic igh pace. E: 
figures are in this sense "impossible objects,’ and the amazing thing is how we ps 
handle them, Common sense is a fair guide to what is a “typical perspec ive 
projection, but one could take a set of photographs from normal viewpoints = A 
check, Obviously a square is not a typical perspective el beet of a os 
cone viewed obliquely, and a view through ores what the perceptual system 
or characteristic, either. Perhaps more impo ant is y „P | 
accepts as reliable perspective depth information. This is (mm puer guum un 
to experiment. Zanforlin's objection that we cannot es : lis n ao EN 
Presenting self-luminous figures in the dark (and measuring PU plotting 
With the technique in which the two eyes are eoa as Hie abjects to the “dubious 
monocular visual space) must not go without (xml : e eae witha? aie 
Predictions’ of this techniqne, Eur amay he E Meo Üni, ue is the surprise of the 
native evidence: and the measure of De ie e a a impossible, or that the 
results it can give. He should be clearer that the Ta SE E A men oe 
technique is subject to serious artifacts, before E cal hacia Axe 
technique (and not wholly surprising) is that for ^ s bardio argue a priori that 
the other, the larger is generally seen as nearer. t is al 
the perceptual system must or should take a 50-50 P. 


er cent. view of the situation— 
it is a matter for experiment to discover its strategy, and ee her ai rier i i 
iscover how it deals with such ambiguous situations quantita ES y n dd 
desired conditions. In fact, statistically, large images sm rie deci d 
it turns out that the brain accepts this probability as a n sand s 
rom the many alley experiments (Ittelson and ae » xà m "Em 4 
, Perception of depth is not completely determined y tex E S e ke 
impoverished environments the observers preconceptions u- Ud. ME 
Important, These “internal” factors can be assessed from be i a ie 
and they are important for astronauts and others pale Bre Single seo 
Judgement under impoverished conditions. The limiting m" i NES 
Object viewed in darkness, has been too-little considered. BL. clear ak at the 
moon is so constant in apparent size and distance mm B the sky giving 
no obvious depth information, and it evidently "i Essent sum size a 
distance to all observers—though of course we all see it q ngly! Itseems that 
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depth information serves to modify “hypotheses,” perhaps themselves derived from 
experience of many earlier situations accepted as relevant to the present conditions. 
Where there is little or no depth information, the prevailing “perceptual hypothesis 
may go unchecked, then size and distance vary wildly, especially in unfamiliar 
situations. Systematic illusions occur when the depth information is misleading 
through being atypical. The illusion figures give systematic distortion because they 
present perspective features which are typical of quite different objects, lying in 
three dimensions. Distortions are not however limited to flat objects—they are 
but one case; for any object can be so shaped that it displays misleading depth 
information which, it seems, can set constancy inappropriately to its true shape and 
so generate an illusion. . 

Dr. Virsu's learned paper on contrast and confluxion does not need detailed 
comments. I find the notion rather vague, and would prefer to push what seems 5 
more precise set of concepts—primary and secondary constancy scaling—to the limit 
before accepting them as incomplete, but certainly we do not have the evidence to 
assert that misplaced constancy is the whole story of illusions. Virsu could be correct; 
but if so the perceptual system is “messier” than one might hope. Is there evidence 
to show this? 

B. J. Fellows’ experiment—showing that a line placed between the arrow heads 
of the Müller-Lyer figure but of insufficient length to reach either arrow may show @ 
reversed illusion—strikes me as neat and perhaps important. I am not however 
clear why he argues with such confidence that: “these findings fail to support 
Gregory s Inappropriate constancy scaling theory which would predict that the shorter 
lines would be subject to the same effects as the complete shaft of the Müller-Lyer 
figure." Consider first what is well known about this illusion: 


(2) The outward going arrows 
with respect to a neutral co 
shrinking in the illusions, 

a Au distortion is a change of separation between the arrow heads, and not 

e angles of the figure, which is of theoretical importance. 


Now given that the separati i 
T : . he us 
illusion (and this occurs paration between the arrow heads is changed by the 


in thi ine joini n 
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: . : inkin 
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5 


between the heads? If the heads correspond per 
ceptually to the retinal rojecti T^ i i the 
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ecently (Tune, 1967). Itis hoped t 
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effect argument is not attractive—unless by “enclosing” one means the volume of 
3-D space represented by the projection, and this is a very different notion. 

Regarding the relevance of touch illusions to the illusions of vision (and especially 
Over's findings, which supplement those of Rudel and Teuber) I offer no comment at 
this stage. Haptic touch on the Müller-Lyer illusion is confounded by the poor 
touch acuity of the fingers, which tends to produce a similar effect for figures such 
as the visual Müller-Lyer though by quite different means. At present the whole 
question of the relation between touch and vision is too uncertain for us to say how 
relevant touch experiments are to a theory of visual illusions, but perhaps a close 
relationship would indicate that the touch and visual spaces are neurally related in 
the nervous system after visual primary constancy scaling has taken place. However 
this may be, the depth-ambiguity of retinal images implies that non-visual information 
is needed to give meaning to retinal images in terms of external reality (Gregory, 
1967a), essential for the development of the individual's visual perception (Gregory 
and Wallace, 1963), and for the development of the first effective eye-brain systems 
In evolution (Gregory, 1967). But the relationship between touch and vision in 
illusion situations is at present largely mysterious, and it is unwise to make any 
Specific statement at the present stage of knowledge. 
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BINOCULAR RIVALRY AND IMMEDIATE MEMORY 


BY 


H. SAMPSON and J. B. HORROCKS 
From the Department of Psychology, University of Auckland 


more accurately than those projected simultaneously to the left eye. Superior recall by 
these subjects of information projected to the right eye was observed only when stimuli 


viewed monocularly. More accurate recall of right eye information appears to reflect 
the resolution of a conflict between inputs from each €ye. The possible relation of this 
finding to cerebral dominance is also discussed. Order of recall in these experiments 
depended mainly on spatial cues provided by the experimental situation. 


Sampson and Spong (961a, 19616) and Sampson (196, d a divided viewer to 
project different stimuli simultaneously to each eye. oL mela divide 
right eye dominant subjects recalled stimuli 


the possibility that further examinati 
obtained could suggest a more parsi 
the three experiments reported here, 


EXPERIMENT I 


É s in accu imuli 
were viewed monocularly, racy of recall between the eyes when sti 


Method 
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8 control of stimulus duration and interval between successive stimuli. 
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Slides were “gravity-fed” into the projector from a vertically placed slide holder. The 
timers controlled the shutter mechanism of the projector. A standard tape recorder 
was used to record the subject’s verbal responses. A binocular viewer, 106-7 cm. X 
152 cm. x 7-6 cm., painted matt black, had a centre division down its length that 
effectively bisected the visual field. There was a day-view screen across the end of the 
viewer upon which stimuli for each eye were projected. The dimensions of this screen 
were 12-9 cm. x 6:3 cm., and the width of the centre division itself was 3 mm. The 
visual stimuli were arabic digits from 1 to 9, which had a projected size of 2-2 cm. x 
1:3 cm. (subtending on the retina a horizontal angle of 41' and a vertical angle of 1? 11^). 
They were mounted on 5:1 cm. X 5'1 cm. glass slides in pairs, in four different arrange- 
ments. These were:— 

(a) Left monocular (L.M.): both digits mounted on the left-hand half of the slide, 
with one digit in the centre of the upper half of the slide and the other in the 
centre of the lower half of the slide. 

(b) Right monocular (R.M.): both digits mounted as in (a) but on the right half of 
the slide instead of the left. 

(c) Binocular left-upper (L.U.): one 
quarter of the slide and the ot 
of the slide. 

(d) Binocular vight-upper (R. 
digit mounted in the cen: 

,,lwelve random pairs of digits we 
different arrangements of the stimuli are illustrate: 
Perceived appearance of each digit pair. 


digit mounted in the centre of the upper left-hand 
her in the centre of the lower right-hand quarter 


U.): this was the reverse of condition (c), i.e. the right eye 
tre of the upper right-hand quarter of the slide. 


re used in each presentation condition. The four 
d in Figure r, together with the 
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Stimulus arrangements used in Experiment I. 


Procedure. E j iven 1o trials under each presentation condition, a 
3 ach subject was gr Us of digits followed by a blue dash om ae 


total of 5 É 
40 trials. A trial consisted of four p 2 Aes S 4 
Screen signalling the end of a trial. The combination of digit pairs on a trial was identical 
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the eight treatment sums were tested by a series of planned orthogonal rai gS 
(Hays, 1963). The particular comparisons of interest were: (x) E ptt; 
cular performance; (2) Left monocular vs. right monocular ; (3) Binocular lef uH um 
left vs. right eye (upper vs. lower position), and (4) Binocular right-upper; 
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NO SYSTEMATIC PAIRING was OBSERVED, (EXPERIMENT I) 
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B. Order of recall, Table I shows di 


: : irs with 
? Bits were typically re orted in pairs 
the stimulus in the u i ta nee 


f +3 per 
PPer position on each Slide recalled first in each pair (55:3 P% 
cent. of all trials). The i 


uli 
k one exception to this general trend occurred when an 
in the upper Part of the Screen were Projected to the Tight eye (R.U. con : 
On only 20 Per cent. of trials i 


*,COndition this clearly was the case, 


numbered IeSponses with R.U. presentation co; 
the right eye. Th 


o nS = 
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a right eye, left eye pairing of responses as the dominant order in recall, but that this 
tendency was far less marked than was the tendency towards left-right pairing in 
the L.U. presentation condition. Additional evidence for a different recall order 
under the R.U. condition is that 98 per cent. of all first responses in the L.U. condition 
corresponded to digits projected to the left eye, whereas in the R.U. condition 
60 per cent. of all first responses corresponded to digits projected to the right eye. 

Discussion. There were no differences between the eyes in accuracy of recall 
when viewing was with one eye alone, so there is no suggestion from this experiment 
that such differences can be demonstrated without binocular stimulation. Under 
monocular viewing more information must be handled from one eye, because the 
Same number of digits was presented on each trial, whether monocular or binocular, 
Yet this additional information load had no effect, which indicates that simultaneous 
binocular stimulation has a significance other than that of simply adding to the 
number of stimuli which must be handled at once. 

There are still difficulties in the interpretation of the role of bilateral stimulation 
however, since even in the two binocular viewing conditions no differences in accuracy 
of recall were associated with the eyes. This provides further evidence that the 
Situations in which stimuli projected to the right eye are recalled more accurately 
than stimuli projected to the left eye are rather circumscribed. With this latter 
Tesult, of course, it is impossible to state any conclusions about the relation between 
order and accuracy of recall. . ud 

One apparently anomalous finding was that while on 15 per cent. of all trials in 
the R.U. presentation condition the order of recall was lower-upper (left-right), 
there were no instances of a corresponding right-left order with L.U. presentation. 
A tentative explanation for this result is that the binocular viewing situation may 
Provide a cue for a left-right as well as an upper-lower order of recall. A slight 
left-right displacement of the binocularly presented stimuli could constitute such a 
cue. Under the L.U. presentation condition left-right and upper-lower ordering 
tendencies would have the same effect, but in the R.U. condition both tendencies 
Could not co-exist. The viewing condition is such that a displacement seems highly 
Probable, for the distance between the mid-points of each monocular screen (6:6 cm.) 
I5 slightly greater than the average inter-pupillary distance. This means that the 
necessity to diverge the eyes in order to fuse the separate monocular views dcn 
Tun counter to the tendency to make use of accommodative ome aa ae " 
1954) with the result that the eyes would be slightly “‘over-converged’” in rel m o 

he stimuli being viewed, a stimulus projected to the left eye appearing slight y to 
the left of its true position and a stimulus projected to the right eye appearing slightly 
to the right of its true position. 

EXPERIMENT II 


The situati i ich there has been more accurate recall of information 
Projected tothe net rcm have been those in which stimuli were projects E 
Centre of each monocularly viewed screen. Because of the fusion of B G aR 
monocular views these stimuli are seen as overlapped, a feature that was absen in 
the binocular viewing conditions of Experiment I. Experiment II replicates this 
Overlap condition, and also simulates the binocular percept Vu Saad to test for 

erences in accuracy of recall when overlapped stimuli are viewed monocularly, 
Methog 


Subjects, Ten students (five male and fiv 


N^ employed for Experiment I. Their ages 


e female) were selected according to the 
ranged from 18-22 years (Mean = 19-4 
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isual 
i <peri t I except that the visua 
€ apparatus was used as in Experimen T mne 
Pire eade SEED create the following presentation ei — 
igi left-han a 
-M.): both digits mounted on the n Hat fi 
i vnu a E Lnd The overlapped pair was positioned so 
appeared in the centre of the left monocular Helds ——— 
(b) Right monocular (R.M.): both digits mounted as in (a) but on the rig 
of the slide. ny aena, 
(c) Binocular (Bn.): the left and right eye digits mounted in the centre o 
of the slide. or 
i iti the L.U. an co 
" sentation condition encompassed both : S eondition 
Trendi e Tibe were 24 random pairs of digits to be IR EUR ditionis in 
i f the monocular conditions. There were six stimu. 
an pop à arrangements of the stimuli are illustrated in Figure 2. 


FIGURE 2 


Presentation Stimulus array Percept 
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Right monocular 

[s] 
Binocular 
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Stimulus arrangements used in Experiment II. 


Left monocular 


Procedure. The Procedure followed that 
under binocular 


inocular 
viewing was not reduced from 20 because there was only one bi 
Presentation Condition, This ensured that t 
e same as in the earlier experiment and th, 
each eye under monocular and binocular viewing 


Results 


Vs. binocular performance > (2) Left 
left vs, right; (4) Left monocular; left 
monocular; left vs. right stimulus Position, 


Á 19614; 
n accordance with the findings of Previous studies (Sampson and rg es in 
19616), there was significantly (E, x; 45 = 435, p< 0:05) more accurate 
the binocular yi... i 


as also 
ar viewing condition of digits Projected to the right eye. Recall w 
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than when viewing was binocular. There were no significant differences in accuracy 
of recall between the eyes when viewing was monocular. 


B. Order of recall. Stimuli were generally reported in the order presented, with 
the left-hand stimulus in each pair given first. The tendency to left-right pairing 
was more marked in the monocular presentation conditions. 

In the L.M. condition go per cent. of all first responses corresponded to a stimulus 
appearing in the left-hand position; the figures for the R.M. and Bn. conditions are 
87 per cent. and 6r per cent. respectively. 


Discussion. The results of the statistical analysis, together with the spontaneous 
Subjective reports of the subjects, indicate that the desired overlap of stimuli was 
obtained in the binocular viewing condition, and it is apparent from the statistical 
analysis that the difference between the eyes in binocular performance is related to 
a competition between the inputs from each eye, which is resolved in favour of right 
eye information. Support for this conclusion is seen in the fact that the overall 
difference between levels of monocular and binocular performance can be attributed 
almost entirely to the reduced accuracy of recall, under the binocular presentation 
Condition, of information projected to the left eye. The accuracy with which inform- 
ation projected to the right eye was recalled was practically identical under both 
Monocular and binocular viewing. Since no eye difference under monocular viewing 
Was observed, the binocular eye differences cannot be attributed to an inherent 
Weakness of the left eye itself as Sampson and Spong (19615) pointed out earlier. 

It might be argued however that similar results could be obtained if the subjects 
had heterophoria accompanied by low fusional vergences, in which case they might 
have seen the letters projected binocularly in positions somewhat different from that 
illustrated in Figure 2. However, this would be expected to affect order of recall 
rather than accuracy of recall since all subjects had normal visual acuity. Further, 
Since the walls of the viewing tube served as very strong stimuli to fusion, only subjects 
With extreme binocular visual anomalies (which was not the case here) would be 
expected to have the eyes directed in other than a slightly “over converged 
Position, ` 

The fact that there were no differences in accuracy between the eyes under mono- 
cular conditions shows that stimulus overlap without binocular involvement is not 
Sufficient to reveal any such differences. Previous studies (Teuber and Weinstein, 
1956; Milner, 1958; Sinha, 1959; Kimura, 1963) have demonstrated the sensitivity 
of performance of ‘subjects with cerebral lesions to conditions in which the test 
material has been presented in a context which makes for perceptual difficulty. 

he "perceptual" overlap with binocular viewing here, may have a similar effect, 
but the absence of any eye differences with monocular overlap emphasizes the 
Importance of the binocular component—a complex stimulus display on its own 1s 
Not sufficient to bring out any eye differences. f 
rder of recall under the two monocular presentation conditions reinforces the 
Suggestion from Experiment I that a slight lateral displacement of the stimuli is 
Sufficient to sustain a left-right order in recall. Another finding of importance is 
hat Stimuli viewed monocularly were recalled as efficiently when they appeared 
Isplaced towards the left as when the displacement was in a right-hand direction. 
hus there is no evidence from this experiment that order and accuracy of recall 
ate related, This is emphasized by the fact that left-right recall order was far less 
Stable in the binocular viewing condition, which was the only situation in which 
ere was more accurate recall of the right-hand stimulus. 


v ——— —1 
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EXPERIMENT III 


othe 


t 
that the whole figure presented to one eye may be suppressed, not merely ue x. 
that corresponds to points stimulated on the other retina (Helmholtz, 19 


Method 


i he 
Subjects. Ten students (five male and five female) were selected according to t 


s 
Criteria employed for Experiments I and IL Their ages ranged from 17-22 year 
(Mean = 19-1 years), 


P imuli 
Apparatus. The apparatus was unaltered for this experiment. The visual stimu 


eft and right eyes was calculated 


a — —À e 
Arcsin 4/per cent. correct rr 
y of Teport was 742 per cent. from the le 


/S 
one-tailed ¢ test for correlated means show 
that this difference is Statistically significant (t= 


be recalled that it was shown in E 


orth 
one or other of the competing fields (Woodw' 
and Schlosberg, 1954: Bower and Haley, 1964), which is resolved in favour S kr 
Tight eye, On the other hang when subjects are required to fixate binocu "ti 
(Sampson and Spong, 19616) Superimposing two Points while digits are projec 
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PERIMETRIC STUDY OF FIELD DEFECTS IN MONKEYS 
AFTER CORTICAL AND RETINAL ABLATIONS 


BY 


ALAN COWEY 
From the Psychological Laboratory, University of Cambridge 


Monocular visual field defects were studied in two monkeys. In one, the a 
retina was destroyed by photocoagulation, producing a central scotoma and consiste 


d 
T scotoma was demonstrate 


INTRODUCTION 
In a previous perimetric stud 


y of visual field defects in monkeys following removal 
of various portions of striate cortex it was reported that although the defects were 
roughly of the expected size, shape and position, they were not regions of blindness 
(Cowey and Weiskrantz, 1963). In each case the ablation produced an amblyop! 


not a scotoma. A possible objection to this earlier conclusion is that the animal 
may have been detecting the stimuli (brief flashes of light subtending 1?) by scattere 
light. The authors did not control for thi 


t P S artefact by plotting the natural biin 
spot and showing that it was indeed blind, This essential control is performed 1 
the present study. 

It was further found in the earlier study th 


stimulus in the defective region gradually impr 
initially revealed a d 


eral striate co 
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animal whose fixation cannot be controlled or measured with the accuracy common 
in human clinical perimetry. Second, the position and angular extent of retinal 
destruction can be accurately determined by photography of the fundus of the living 
animal and subsequent histological examination; therefore the behavioural effects 
of destroying a known region of retina can be compared with removal of striate 
cortex corresponding, according to electrophysiological and anatomical maps, to a 
known region of retina. This comparison is studied here, in one case by performing 
the two types of operation sequentially on a single animal. 

Finally, evidence of eccentric fixation following striate cortex damage was 
reported in the earlier paper. A more successful method of attracting and retaining 
a monkey's visual attention is described here, and is used to demonstrate eccentric 
fixation following striate cortex or retinal injury. The fact that the natural blind 
Spot can be plotted is also used to reveal eccentricity of gaze, for if any point other 
than the fovea is used for fixation the natural blind spot appears to be displaced 
from its normal position with respect to the fixation mark. 


METHOD 


Each animal ht to press its eye to a peep-hole, look at a perimeter, and await 
the Presentation by E exped nene of either of two kinds of stimulus. The first 
Consisted of a 50 millisec. click from a buzzer, and the animal was automatically rewarded 
With a food pellet if he pressed a lever to his right. If he pressed the lever to his left the 
light above the testing cage was automatically extinguished for 5 sec. The other 
stimulus consisted of the same click and a coincident flash of light from any one of 121 
Stimulus bulbs set in the perimeter. (See Cowey and Weiskrantz (1963), for details of 
Stimulus bulbs.) The animal was rewarded for pressing the left lever in response to this 
Paired stimulus and punished as before if he pressed the lever to his right. The paradigm 
I5: click—go right, click plus light—go left. The animal's viewing eye was photographed 
9n every trial and his direction of gaze on any trial could be subsequently aet emmen 

y comparing the photograph, which included a trial counter, with a set of ias ar 
reference photographs consisting of a record of each animal fixating up to 64 pe a 

€ perimeter, spaced at 5° intervals (see Cowey, 1963; Cowey and Weiskrantz, 19 3: ie 
further details of this method). Field defects were plotted by analysing the ave pho 4 
graphs of trials on which the animal responded incorrectly to the paired stimulus, an 
relating the position of the undetected flash to the direction of gaze. 


Apparatus 


A full description and diagram of the apparatus appears elsewhere (Cowey and 


Weiskrantz, 1963). Briefly, it consisted of a curved screen, part of a sphere of radius 


50 cm,, i i ? sti set at r 
about 80° of aa t ar emi the pe were four 60 watt floodlights. my 
i roe general illumination for photography, ey thier vnm tor E 
xati t the animal was "d eur. p a E 
Centre ot dbi “ot ees allowed the animal to view the display with his 
right eye, and all visual field defects reported in this paper refer to the right sy on! Y 
everal changes were made in the stimulus arrangements described in the earlier papas 
(Cowey and Weiskrantz, 1963). First, the luminance i e ennol E deu over 
3 log unit ^ 75 cd./m?, by placing individual neutral densi S 
the bulbs, E Thos a ches nion refer to peak intensity of the flash, are Panty 
different from those described before, because of a voltage change in the conma appara Us, 
Uuminance of the flood lights was unchanged at 17,000 cd./m*. Second, E angle 
dubtended by a stimulus could be reduced from 1° to $^ by masks placed over the bulbs, 


hird hl lotted, their boundaries were accurately 
» Once field defects had been rougi y P ld be moved in 1? steps across the 


o intervals. The entire screen covered 


determined by using one or more bulbs which cou 
Perimeter, 


Training and testing testi ith 
The animals required from 6 to 9 months of daily testing, with up to 200 trials per 
Session, before they reliably performed with better than 95 per cent. correct responses. 


^ VARIFERLY OURNAL OF PERIM AL PSYCHOLOGY 
IT L4 EXPERIMEN Cc 
^ 


ed 
Since the experimenter p den 
it was possible to withhold the May es 
i &- if he was looking more t Ethe 
the animal learned to look a 


tor. 
& a Zeiss Xenon-arc gast s 
rformed on the second animal (Scruffy), All op 


tal: sodium pentobarbitone). 
Histology 


At the 
eye was 


wit 
an injection of Nembutal, and perfused through the heart 
normal saline followed by fo: i 

of one animal (Squib), and 


f : with 
^ id ;P3raffin and sectioned at 6u before being stained 
haematoxylin-Ponceau acid fuchsin according to Masson’s method. 


e i$ 
Figure 1. The inferotemporal damag 


tera: 
; lesions on acuity. The destruction Pera 
striate corte in Squib is complete and extends Somewhat on to the media fissure: 
here is also unintended damage to Striate cortex in the underlying calcarine 

S is shown į 


© described. The retinal lesions for the ri 
traced from Colo; 


: harp 
r transparencies of the fundus. The edge of the lesion was voy SEALS 
in the photographs and sections through the lesions showed that the receptors we: 
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FIGURE 1 


Squib Squib 
L. Ant. Lateral \ 
R. Retina $ 
Scruffy 


R. Retina 


Reconstructions of brain lesions and retinal destruction. Areas of destruction are 
Shown in solid black, with white stippling to indicate absent striate cortex on the 
x Riesentetive cross sections of the brain. Intact striate cortex is shown by black 
Stippling, 


destroyed within the area shown in black. Further details about reconstructing the exact 
Position of the lesion with respect to the fovea are given by Weiskrantz and Cowey (1967) 


In a study of the effects of retinal damage on visual acuity. 


RESULTS 

Pre-operative testing 
. _ By pre-operative is meant testing before and after the bilateral removal of 
inferotemporal cortex, which had no effect on visual fields as tested with stimuli 
varying from 5,500 to 5:5 cd.[m?. Over several thousand trials both animals scored 
better than go per cent. correct with the dimmest stimulus, rising to 95-97 per cent. 
With the brightest. False negative errors, i.e. failing to report a visual stimulus, 
Were slightly more common than false positives, i.e. reporting a non-existent visual 
Stimulus, The distribution of false negatives was not uniform over the visual field: 
there were more above the visual axis than below it, and more to the right than to 
the left of it (excluding the special case of the natural blind spot which of course 
lies to the right). These observations simply confirm what has been previously 
Teported in normal animals (Cowey and Weiskrantz, 1963). 

.No attempt was made pre-operatively to plot the natural blind spot in one 
animal (Squib), but in the other (Scruffy) the centre of the blind spot was detected 
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quite easily with a 55 cd.[m?, 4° stimulus moved in 1° steps across the relevant part 
of the field. It lay 163^ to the right of the visual axis. When the stimulus was 


anatomical measurements to be about 7° by 5° (and these measurements were 
confirmed in two other anaesthetized animals with a measuring ophthalmoscope). 


blind spot should lie slightly below it. However, Since there was no means of 
determining exactly where the horizontal retinal meridian was represented in the 
visual field it has been drawn through the plotted blind spot. 


Post-operative testing 


(1) Effects of lateral striate cortex removal on visual field (Animal Squib). The 


operation was performed in March, ro6r Testin i 6 

I c i h, : 8 Was resumed in October, 1963 
allowing a comparison with the immediate effects of this operation on perimetric 
performance (Cowey and Weiskrantz, 1963). 


array of fixed stimuli. To the 


d he extensive and peripheral aos 
nd again correlated with d to the calcarin' 
sure. The furthoct 1 amage to é 
and it is no rarities the two Peripheral defects were not determined, 


pairment is not uniform throughout the defective regions 
atio of detected to undetected flashes was 97:1, within the 
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FIGURE 2 


Squib 
21 years post striate 
1° 5500 cd/m? 


Field defects plotted with a 1° stimulus of maximum intensity approximately 2h years 
after bilateral removal of lateral striate cortex. Defective points are indicated by black 
dots, Elsewhere, over a region 50° across, responses were normal. Data taken from 
14,000 trials over a 4-month period during which each stimulus of an array of 100 was 
Presented 70 times. Luminance values refer to peak intensity of a 50 millisec. flash. 


defects as a whole it was 9:1. In the centre of the macular defect 5° to the right of 
the visual axis the ratio was 5:5:1 whereas at the edge of the defect, at points 
marked C, it was rr:r. The greatest impairment existed in the large peripheral 
defect where the ratio was 3:1, 25? to the right of the visual axis and 5? above it. 
is point is close to one of the floodlights used to illuminate the eye, which would 
Taise the ambient illumination in the corresponding region of the retina. 
he percentage of false negative responses declined throughout the period of 
testing until the defect was barely detectable, except at the natural blind spot. This 
Tecovery parallels that already reported in animals soon after operation (Cowey and 
eiskrantz, 1963). 
At this point the stimuli were dimmed by 1 log unit and the defect plotted again. 
he results are shown in Figure 3. Note that the defect has retreated markedly at 
bottom and top right of the temporal insular defect, as compared with Figure 2. 
Outside the defect 1 in 35 flashes were misreported. Just inside, or at, the border 
Of the macular defect, at points marked [], the ratio of detected to undetected 
ashes was 5:5:1 whereas in the centre of the defect, 5° from the visual axis, the ratio 
Was 2:1, In the periphery, 25° to the right of the visual axis and 5° above the 
Tatio was r: I, ie. the stimulus was at threshold intensity at this time. The region 
Of the Optic disc was explored with an array of nine bulbs set 23^ apart in a 9X9 


array, At only one of the positions, which is the approximate position of the centre 


9f the natura] blind spot, was there strong evidence of a defect. This natural defect, 

€spite being small, is more severe than any part of the induced defect, The ratio 
9f detected to undetected stimuli at this position was 0°85:1. Once again the 
Number of false negative responses declined during testing, except at the natural 


nd spot, until it was very difficult to demonstrate any impairment. 
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FIGURE 3 


Squib 
3 years post striate 
1° 550 cd/m? 


Defective points indicated by 
h responses were normal 2s 
2-month period. For furthe 


Squib 
3i years post striate 
3 55 and 55 cd/m? 


H ter 
l d period approximatel ears af 
intensity. tex ablation, and using a movable stimulus. hrtha ein sizo aa 
arge solid black circle indicates two 
urther details see text. cale as compared with preceding) 
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At this point further changes were made in stimulus presentation. The macular 
region was investigated with a smaller, 3^, stimulus, further reduced in intensity by 
I and then 2 log units. This stimulus was moved across the macular region in 23° 
Steps, with fixation controlled as before by the small mirror. To ensure that per- 
formance did not break down because of the inevitable errors when this stimulus 
appeared in the defective region the vast majority of visual stimuli were kept at 
maximum size and luminance and presented in what earlier results had shown to 
be intact parts of the visual field. Performance with these stimuli was almost 
perfect. The results with dim stimuli are shown in Figure 4. At 55 cd./m® there 
Were 142 correct and 77 incorrect responses, or 1:8:1, to a stimulus in the defective 
Tegion as a whole. Just outside the defect, at points marked by circles, the figures 
Were I17:16 0r7:3:1. At 5:5cd.[m? the number of detected and undetected stimuli 
within the defect was 77:119 or 065:1. Outside it was 130:7 or 18-6:1. This 
superiority in detecting the dimmer stimulus just outside the defect may seem 
anomalous until it is remembered that the animal constantly improved with testing 
and the results with the dimmer stimulus were the last to be obtained. 

Once again the impairment is greatest at the centre of the defect. At points 
marked © the ratio of detected to undetected stimuli (combining results at both 
luminances) was 0:76 : 1, whereas at points indicated [-]theratio was 1-25:1. Despite 
the faintness of the stimulus the macular defect has contracted as compared with 
Figures 2 and 3. . : r 

The final point of importance concerns the natural blind spot. This was studied 
at the same time with a }° 55 cd./m? stimulus, maintained in such a position, relative 
to the fixation mirror, that it illuminated the centre of the optic disc. There were 
Seven detected to 45 undetected stimuli, ratio o-15:1. When corrected for false 
Positive responses this came to o:r:r, ie. there were far fewer detections at the 
natural blind spot than in the field defect, indicating that the ability to detect a 
Stimulus there is not an artefact of scattered light. No attempt was made to plot 
the total extent of the natural blind spot. f "a 

One result of the entire post-operative testing schedule is not shown in Figures 
2-4. It was noted that both the macular field defect and natural blind spot were 
displaced downwards by about ro? from the fixation mirror, i.e. the animal was not 
Using his fovea to fixate the mirror. This eccentric fixation, which was consistent 
throughout the entire post-operative testing period of 13 months was specifically 
Studied at the end of this period. Results are described below. 


(2) Changes in fixation. When the standard reference photographs were obtained 
before operation, more than 80 per cent. of the photographs for each of 64 positions 
of the fixation mirror were identical and were taken to represent foveal fixation. 

he Temaining photographs indicated fixations scattered at random in the visual 
field. The procedure for obtaining the photographs was repeated 3i years after 
Operation but with fewer mirror positions. The result is shown in Figure 5, left. 
ost-operatively the animal “looked” with his fovea at a position 10° below the 
mirror on 74 per cent. of all trials, and directed his fovea at the mirror itself no more 
Often than other positions scattered randomly in the field with respect to the mirror, 
us S Tesult confirms the impression of eccentric fixation revealed during perimetric 
Sting, 


(3) Effects of retinal destruction following striate cortex removal (Animal Squib). 
(2) Field defects. The macular region of the retina in both eyes was destroyed 
32 years after the cortical operation, permitting a study of the effects of the separate 
Operations in a single animal. Perimetric testing was resumed 3 months later 
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FIGURE 5 
Squib Squib Scruffy 


Pre-op | Post-striate  Post-striate Post-retinal Pre-op | „bost retinal 
HRA 


With both animals 10 to 20 per cent. of fis 
perimeter with respect to the mirror. 


ined with a 4° 550 cd./m? stimulus, 
n mall black circles performance Wa 
» despite the fact that some of these positions lie within 

nate cortex damage, Solid white circles indicate 


stimulus to fall on intact retina. Inside the e 
e, there were nine detected stimuli compared wi 


blindness, as compared wit 


partial defect or amblyopia. In the very centre of the scotoma the response t0 # 
T stimulus of maximum intensity was also Studied. There were four detection? 
compared With 47 errors. The scotoma Was therefore detectable using à stimulus 
Which 3 years after the cortical Operation had completely ceased to reveal any defect- 
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FIGURE 6 
Squib 
3 months post retinal 
550 cd/m? 


Macular scotoma plotted over a 2-month period following destruction of central area 

Of Tight eye. Scotoma is shown in black. Intact points indicated by circles, blind points 

Y White dots. The centre of the natural blind spot was plotted concurrently using a 
2 55 Cd./m? stimulus, as in Figure 4. For further details see text. 


FIGURE 7 

Squib 
6 months post retinal | " 
¥° 5.5 cd/m? S T Xd 


ang acular Scotoma plotted over a 2-month period approximately s eem after operation 

Tegion. Wing reduction in stimulus intensity by 2 log naits: : » ack dots indicate 

lubens of partial defect outside the scotoma. Other gU rd = in Figure 6. The dotted 

Phot Perimposed on the scotoma indicates boundary of defect as predicted from retinal 
°8taphy. For further details see text. 
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important: (i) The defect did not shrink with practice, as contrasted with the earlier 
amblyopia. Itis slightly larger than in Figure 6, as would be expected with a dimmer 
stimulus which provides less scattered light. (ii) The shape of the defect closely fits 
the outline of the retinal lesion (dotted line) as determined by photography of the 
fundus (see Fig. 1). The photograph was inverted to correspond with retinal image 
inversion, and appropriately enlarged so that the distance fovea to centre-disc in 
the photograph equalled the same distance as determined perimetrically. (iii) There 
is a partial defect to the left of the scotoma. This defect, which was detectable only 
with the dimmest stimulus, is almost certainly caused by damage to underlying fibres 
from the temporal retina, which traverse the lesion en route to the optic disc. 

(b) Changes in fixation. The procedure for obtaining standard reference photo- 
graphs was repeated 8 months after retinal operation. Results are shown 1n 
Figure 5, centre. The animal maintained the ro? eccentric downward fixation first 
observed after the cortical operation. As before, the eccentricity was detected 
during routine perimetry, for the scotoma and natural blind spot lay beneath the 
fixation mirror. 

(4) Effects of retinal destruction without prior striate cortex damage (Animal Scruffy): 
(a) Visual field. A slightly smaller region of the central retina was deliberately 


destroyed in each eye of this animal. The approximate position of the defect was 


first determined 2 months later using a $°550 cd/m? stimulus. It was then accurately 


plotted after reducing the stimulus intensity by 2 log units. A similar stimulus was 
used to detect the centre of the natural blind Spot. Results are shown in Figure © 


FIGURE 8 


Scruffy 
3 months post retinal 
+ 55 cd/m? 


Macular scotoma. followi j e t 
; ion of 1 i i mag 
= nete cortex. Defect plotted over a pimonth, veris "i stina, Piho pen after 
Peration. Symbols as in Figure 7. For ieee! id 
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the defect there were rr detected stimuli compared with 81 errors; one detection 
would be expected by chance after taking into account the overall percentage of 
false positives when a stimulus of this intensity is presented in intact parts of the 
visual field. The ratio of detected to undetected stimuli is therefore about o:1:r, 
and a defect as severe as this has never been observed after a striate cortex ablation. 
The ratio at the centre of the natural blind spot was 0:13: 1 and it is therefore certain 
that the macular defect is a true scotoma. The fact that the animal occasionally 
reports a visual stimulus in a region which should be completely blind is almost 
certainly accounted for by errors in designating the exact position of the visual axis. 

The scotoma appears to be rather smaller than expected from the superimposed 
outline of the area of retinal destruction (dotted line in Fig. 8), much more so than 
for the previous animal (see Fig. 7). A likely explanation is that the second animal 
was much more adept at detecting stray light from a stimulus near the edge of the 
defect, and indeed it has already been mentioned under preoperative testing that in 
this animal the real size of the natural blind spot is about 27-3? larger than indicated 
by perimetry. The blind spot was therefore mapped accurately with the same 
stimulus used to explore the macular scotoma and the earlier result was confirmed. 
The natural blind spot appeared to be about 4° by 3° instead of 7° by 5°. If the 
appropriate correction is made the macular scotoma fits the outline of the retinal 
lesion much more closely, perhaps even crossing it at some points. E 

At the end of testing a 1? 5500 cd.[m? stimulus was presented in the centre of 
the scotoma. There were no detections and 17 errors. This stimulus is usually 
detected following a striate cortex lesion (Cowey and Weiskrantz, 1963, and earlier 
Sections of this paper), further confirming that cortical and retinal lesions produce 
qualitatively different field defects. m 

(b) Changes in fixation. Together with the eye photographs, the positions of the 
macular scotoma and natural blind spot with respect to the fixation mirror indicated 
that throughout post-operative testing the animal's fovea was directed at a point 
about 5? above the mirror. At first, i.e. 2 months after operation, this eccentricity 
of fixation was somewhat variable. Although almost always above the mirror, it 
Was sometimes up to ro? to the right of it. This variability decreased until 2 months 
later the animal consistently fixated vertically above the mirror. At this point in 
time the procedure for obtaining standard reference photographs was repeated, 
Using eight different mirror positions, two on the central vertical axis of the perimeter 
and three each on lines ro? to the left and right. Results are shown in Figure 5, 
Tight. It will be seen that 75 per cent. of all fixations lie 5? above the mirror after 
Operation. The figure of 14 per cent. for a point 10° above is also well above that 
for all other parts of the field. 

DISCUSSION 


Certain conclusions from this study are clear and need little comment. It has 
been shown that the natural blind spot can be detected perimetrically in monkeys, 
and that this can be used as a control in studying other defective parts of the visual 
field, A further control is provided by a retinal lesion, which causes a scotoma, 
Using these two controls it is certain that the field defects which follow removal of 
Parts of striate cortex are not absolute, even when an entire occipital lobe is removed 

Cowey and Weiskrantz, 1963). The improvement in performance seen after striate 
“ortex damage is not entirely spontaneous, for it occurred in one animal whose first 
Post-operative testing took place several years after operation. However, spon- 

3neous recovery cannot be ruled out, for it was found with this animal that parts 
°f an island defect in the temporal field recovered strikingly in function (comparison 
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of Figs. 2 and 3). The reduction in size of the defect in this region was much more 
evident than in the macular region and may not have been entirely the result of 
practice. Such spontaneous recovery has also been observed in man, but usually 
much sooner after brain damage (Teuber, Battersby and Bender, 1960). 

The observations on eccentric fixation confirm and extend earlier findings (Cowey 
and Weiskrantz, 1963). It is interesting that in three cases of a macular defect (one 
reported in the earlier study) the animal chose to fixate eccentrically by lowering 
or elevating its gaze. Lateral displacement has not been observed, except tem- 
porarily in an animal suffering from a hemianopic defect (Cowey and Weiskrantz, 
1963). The consistency of the eccentric fixation parallels that reported in man after 
damage to the macular area (Teuber, Battersby and Bender, 1960). 

Other observations require some discussion. The macular field defect caused 
by removal of lateral striate cortex was initially of about the expected size (see 
Figs. 2 and 3) but became smaller, especially near the fovea (Fig. 4). The prediction 
about expected size is based upon electrophysiological maps of the retinal projection 
to striate cortex (Talbot and Marshall, 1941; Daniel and Whitteridge, 1961). These 
investigators agree so closely about the details of the projection that there is nO 
reason to doubt the accuracy of the maps. The reduction in size cannot be entirely 
explained by the animal's improving ability to detect stray light near the edge of 
the defect, for destruction of the macular retina in the same animal produced a field 
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A COMPARISON OF THE EFFECTS OF INFEROTEMPORAL 
AND STRIATE CORTEX LESIONS ON THE VISUAL 
BEHAVIOUR OF RHESUS MONKEYS 


BY 


ALAN COWEY and LAWRENCE WEISKRANTZ 
From the Psychological Laboratory, University of Cambridge 


The effects of bilateral removal of inferotemporal cortex or lateral striate cortex are 
compared. The former operation impairs visual pattern discrimination learning, without 
disturbing prompt detection and retrieval of food, visual acuity or visual fields. In 
contrast, animals in which the macular striate projection area has been removed are 
Significantly superior in tests of visual pattern discrimination learning despite showing 
impairment of visually guided reaching, visual acuity, and visual fields. The results 
indicate that the inferotemporal defect is not caused by deficient visual sensitivity OT 


acuity. 
INTRODUCTION 


Bilateral removal of inferotemporal cortex of the brain of rhesus monkeys impairs 
performance on certain kinds of visual tasks without affecting discrimination in 
other modalities, For example, acquisition of visual pattern or object discriminations 
is impaired (Mishkin, 1954; Mishkin and Pribram, 1954; Pribram and Barry, 195 ; 
Wilson, 1957), as is retention unless the animals have been ovi 
(Chow and Survis, 1958; Orbach and Fantz, 1958) 
acquisition of object learning-set (Wilso ] ; 
sets for planometric forms (Chow, 1954) 


ally flat (Butter, Mishkin and Rosvolo 


Several explanations of the inferotemporal defect have been proposed (s°° 


Diamond and Chow, 1962 for brief review) and it may well be that several are neede 1 
eg re It has been suggested that the inferotempor? 
à ome sort of visual sensory 1 i tions 
th x Ty loss, characterized by altera 
This vues 9. an amblyopia, which prevent the animal bus neci clear 
ans) IS Supported by the following findings. Inferotemporal animals n 
Timinations if the size differences are small (Mishkit 
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Despite the fact that inferotemporal animals are often more impaired on the 
kinds of test mentioned than animals in which the visual striate cortex is damaged 
and which are therefore presumed to have field defects, it has been argued that the 
inferotemporal operation produces rather subtle changes in visual field organization, 
€.g. an amblyopia, which could lead to greater disturbance than a highly circum- 
scribed and severe visual field defect (Pasik, Pasik, Battersby and Bender, 1960). 
The fact that in man an amblyopia can cause greater visual difficulties than a clear 
cut scotoma supports this view (Goldstein, 1942). 

This paper attempts to evaluate the role of possible field defects in causing the 
inferotemporal syndrome by studying field defects, visual acuity, visually guided 
reaching, and visual pattern discrimination. The results of perimetric testing for 
field defects after striate cortex lesions have already been described (Cowey and 
Weiskrantz, 1963; Cowey, 1967) and are briefly recapitulated only for purposes of 
comparison. The effects of inferotemporal and striate cortex lesions on acuity have 
also been described before for all but one of the six animals (Weiskrantz and Cowey, 


1963) and can be dealt with swiftly. 


METHOD 

Subjects, surgery and histology 

Six immature rhesus monkeys, five male, one female, weighing from 4-5 kilos, were 
used. In three the lateral striate cortex was removed bilaterally, in a further three the 
inferotemporal cortex was removed bilaterally. Operations were performed by sub-pial 
Suction under deep anaesthesia (Nembutal: sodium pentobarbitone). At the end of the 
experiment the animals were perfused with normal saline followed by formal-saline and 
the brains photographed immediately after removal. In the case of the three infero- 
temporal animals the effects of additional cortical or retinal ablations had been 
investigated, but these are irrelevant to this paper and for clarity only histological details 
of the inferotemporal operations are given. Coronal sections, cut at 20 u, were stained 
With thionin or cresyl fast violet and used to reconstruct the ablations. Reconstructions 
Íor the striate group appear elsewhere (Cowey and Weiskrantz, 1963). Those for the 
inferotemporal animals are shown in Figure I. 


FIGURE 1 
No. 5 (Dolly) No. 6 (Scruffy) No. 4 (Squib) 
N 2 x a Ñ d i 
L R L R L R 
y Ventral 
VC € 


f 
<| WV d d 


Reconstructions of brain lesions of animals in inferotemporal group. Lateral and 
yentral views of left and right hemisphere are shown. In every case the lower bank of 
Hae middle portion of the inferotemporal sulcus was removed sm cl this is not apparent 
st outline diagrams. Cross sections are not shown: the 2» erotemporal ablation is so 
cachentforward to perform that a space-consuming series of cross sectional diagrams for 

animal adds little to the surface view. 
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Reaching tests 


means of the grid. A peanut, raisin, or 
drawing a screen between animal and 


Food was also offered on the experimenter’s hand, 


and occasionally an empty hand 
was presented to see if an animal would reach for some 


thing it could not see. 
Visual pattern discrimination 


All testing was carried out in a Wisconsin General Test Apparatus, in which the 
discriminanda were revealed to the animal by lifti 


y in front of a food cup. One card was 
plain white, the other consisted of 16 alternating black and white vertical stripes. The 


animal could obtain food reward by sweeping aside the Positive card. The striped card 
was positive for two of the three animals in each grou 


In the second test the animal was presented with a stimulus display consisting of 
four white panels, two of which carried stimuli, The panels measured 4 in. X 3 in. 
were 6in. apart laterally and ro in. vertically (centre to centre) and were set into a 
vertical black board (see Fig.2). The lower pair of panels Tepresented the response site. 


FIGURE 2 
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Visual acuity 


Minimum separable visual acuity was measured with diffraction gratings, using a 
pull-in technique. The apparatus and method, together with results for five of the six 
animals, have been fully described elsewhere (Weiskrantz and Cowey, 1963). 


Visual fields 


Field defects were measured in a perimeter designed for use with monkeys. A full 
description of apparatus and method, together with results for animals with striate 
cortex lesions has been published (Cowey and Weiskrantz, 1963; Cowey, 1967). The 
animal was taught to discriminate between a click, and the same click plus a coincident 
flash of light of variable intensity, size and position. He was rewarded for pressing a 
lever when the click was presented, and for pressing a different lever when the paired 
stimulus was used. 


RESULTS 
Reaching tests 


Pre-operatively the animals reached for food correctly and quickly, sometimes 
before the screen had been fully withdrawn. Misreaching was never observed, 
although fumbling was seen occasionally, i.e. on less than x per cent. of trials. On 
mock trials, when the experimenter's empty palm or bare testing board were exposed, 
the animals prepared to reach but never did so. j . 

Each animal was tested 24 hours after operation and thereafter daily until 
performance was perfect on three successive days. All three animals in the striate 
group showed evidence of imperfect vision, chiefly characterized by misreaching for 
food. In as many as 20 per cent. of trials in the first 2 days after operation the 
animals misreached by up to 3 in. Lateral errors were much commoner than over- 
Or under-reaching. Sometimes the animals groped for non-existent food, and 
attempted to pick up marks on the board or empty peanut skins, which were always 
ignored pre-operatively. In further contrast to their pre-operative behaviour they 
frequently reached for and explored the experimenter's empty palm, and chose the 
incorrect hand when both hands were offered with food on only one of them. The 
animals peered intently when they failed to locate food, and seemed to be adjusting 
their gaze. All these symptoms subsided rapidly and disappeared within ro days. 
The order in which they did so was not determined quantitatively, but it is our strong 
impression that accurate reaching for food which contrasted sharply with the 
background (e.g. raisin) preceded that for a reward such as apple, which was of similar 
Colour to the testing board. The last symptom to disappear was misreaching for 
a light-coloured reward on the experimenter’s hand, probably for the same reason 
and also because of the confusing contours and interstices compared with the flat 
board. It should perhaps be stressed that the misreaching referred to here is not 
attributable to ataxia for (a) the animals’ movements were otherwise normal, e.g. 
M conveying food to the mouth; (b) reaching was impaired only in direction; there 
Was no tremor and movements were swift; (c) it has been shown elsewhere (Cowey 
and Weiskrantz, 1961) that the recovery from misreaching is postponed if an animal 
is kept in darkness with no opportunity for visually guided reaching but ample 
Opportunity to recover from a transient ataxia, and (d) similar misreaching is seen 
after destruction of the macular region of the retina, which produces a field defect 
Without damaging any part of the motor system. E . 

The behaviour of the three inferotemporal animals was strikingly different. At 
ho time did they show evidence of defective vision. Pre-operative and post- 
Operative performances were indistinguishable. 
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Visual pattern discrimination 

Results are shown in Figure 3. The pre- 
discrimination, which was presented to each animal in two ways, have been added to 
Bive an overall score for each animal. The three inferotemporal animals tended to 
be superior pre-operatively (p = o-z, Mann Whitney test, two-tailed) and this was 
not an artefact of the order in which the two discrimination conditions.were presented, 
for the orders were balanced between the stoups. This was a fortuitous result, for 
the animals were selected for operation according to performance on acuity tests and 


not as a result of scores on pattern discrimination. The groups were clearly not 
different on stripes vs. plain discrimination, 


Operative scores for the cross vs square 


FIGURE 3 
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bs "à = than x. Since in each case the probability that U < ris 0-1, the probability 

B at this will be so in every case is o-001. It is concluded that the inferotemporal 
nimals are significantly impaired on acquisition of visual pattern discriminations 

as compared with striate controls. 

Visual acuity 


" The effects of the operations on the visual acuity of five of the six animals have 
e described elsewhere (Weiskrantz and Cowey, 1963). They are reproduced in 
able I, together with data for a third inferotemporal subject (number 6). Only 


TABLE I 


MINIMUM SEPARABLE VISUAL ACUITY IN MINUTES OF ARC 
M M Pá— — — 


Striate Inferotemporal 
Re 1 2 3 4 5 6 
Pre-op. T | 0057 0:98 0:72 0-60 0:58 0-70 
. Postop. $a -| 064 0:94 0:92 0:58 0:52 0:69 
Pre 10 8 10 III IOI 
Post X 100 per cent. B9 4 7 5 


ee a EU LLL 


One striate animal, in which a small part of the foveal projection area was spared in 
One hemisphere, was not impaired. No inferotemporal was impaired; in fact all 
three showed a slight improvement. However, animal number 6 initially performed 
at chance after operation and required lengthy retraining at stimulus angles well 
above final threshold. He behaved as if he had not seen the acuity stimuli before, 


although comprehension of the testing situation was perfect. 


Visual fields 


ey (Cowey and Weiskrantz, 1963). 
eld defect in any inferotemporal animal, even w 


sight. Since the animal reported a 
t failed to report a real flash of light the 
caused by inability to see the visual stimulus. 
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DISCUSSION 


Be „macular projection area, wi 
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visual projection area. This result clearly fails to support the notion that the 


inferotemporal operation produces “an alteration in the visual field (an amblyopia)” — 
Pasik, Pasik, Battersby and Bender (1960). 


At present, other 

» in terms of memory loss (Iversen and 
Weiskrantz, 1964) or selective attention to particular stimulus dimensions (Butter 
and Gekorski, 1966), seem more convincing. 
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enclosure was lighted by a single 100 watt bulb, suspended centrally 6 in. from the top. 
The enclosed maze was placed on blocks so as to bring it up to the same height (and 
distance from the light) as the elevated maze. The rats could be observed through a 
Screened aperture in one side of the enclosure. A white noise of moderate intensity 
masked sounds from outside the experimental room. 


Procedure 


All subjects were given 3 days pre-training in which they were allowed to move around 
on a table for about 5 min., being picked up and handled from time to time. 

Twelve subjects were randomly assigned to each of two groups (EZ and Ex). Rats in 
both groups received one daily 3-min. trial for 6 days. On each trial the rat was put in 
the maze at the end of the same arm, allowed to move around for 3 min., and then 
removed. Rats in Group El explored the elevated maze on each day; rats in Group En 
explored the enclosed maze. All testing was carried out between 2.00 p.m. and 4.00 p.m. 

Each arm of the maze was divided into two 9 in. sections by a line on the floor, and 
the entries to each of these sections during each } min. of the trial were recorded on a 
Cyclostyled sheet. A rat was considered to have entered a maze section if its head and 
three of its feet were in the section. The number of fecal boli deposited by each rat on 
€ach trial was also recorded. 


Results 


The mean number of section entries per day for each group is shown in Figure r. 
Table I gives the mean daily scores and also the percentage alternation on each trial; 
that is the percentage of occasions on which, when arriving at the choice point of 
the maze, the rat entered the arm it visited least recently. . 

The activity of the subjects in Group El varied considerably and unsystematically 
from day to day; however, a Friedman two-way analysis of variance showed no 
Significant variation between days, nor were the differences between any two 
Successive daily scores significant. The changes in daily activity scores for the 
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TABLE I 


MEAN EXPLORATORY ACTIVITY AND PERCENTAGE ALTERNATION IN 
ELEVATED AND ENCLOSED Mazes. (ExPERIMENT IA) 


Day 
I 2 3 4 | 5 | 6 
Mean activity: 
Group El os 17-9 18-7 18:35 2r3 16:8 16:3 
Group En A 26:2 19:3 II:65 14:4 20:0 2372 
pee | ee | je 


Percentage alternation: 
Group El AG 66:2 I:5 59* 62- 69:2 
Group En s 68:3 68 2 2 2 


subjects in Group En were significant (5 < o-os, Friedman). This was due to the 


fall and subsequent rise in daily scores. The decrease in activity scores between Day 
I and Day 3 and the subsequent rise between Day 3 and Days 5 or 6 were each 
significant (5 < o-or2, Signs test). The 


tats in Group En were significantly more 

< 0°02, U-test) but they were significantly 
; 2 ignifi- 
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ativi 1 
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TABLE II 


MEAN EXPLORATORY ACTIVITY AND PERCENTAGE ALTERNATION IN 
ELEVATED AND ENCLOSED Mazes. (EXPERIMENT IB) 


Day 
I 2 3 4 5 6 

Mean activity: 

Group El sa 17:8 16:5 16-6 15:3 17:8 INI 

Group En $n 21:0 13°75 67 10:2 134 17:0 
Percentage alternation: 

Group El ae 76:8 62-0 72:5 60-0 614 63:6 

Group En |] 763 744 89:5 64:5 7r8 70:0 


———————————————————————————————— 


The number of rats defecating in Group El remained more or less constant with 
Successive daily trials; ro rats defecated on Day 1 and nine on Day 6; on only one 
day (Day 4) did as few as eight animals defecate. In Group En there was once 
again a negative correlation between number of animals defecating and trial number 
(P = 0-05, Kendall's 7). Over the period of the experiment as a whole the rats in 
Group El defecated significantly more than those in Group En ($ = 0:02, U-test). 

The results of the replication confirm those of Experiment IA. In this experiment 
the scores in the elevated maze were less variable than in Experiment IA, but in 
terms of the statistical analysis they were similar. The subjects in the enclosed maze 
Were consistently more active in this experiment than in Experiment IA, but the 
daily changes in activity were highly similar. The results of the two experiments 
may therefore conveniently be discussed together. 

DISCUSSION 

It is apparent that there was no appreciable inter-session decline in exploratory 
activity in the elevated Y-maze, while there was such a decline, followed by a 
recovery, in the enclosed maze. This result resolves the discrepancies in the experi- 
mental literature already discussed, since in these cases too there were inter-session 
declines in enclosed but not in elevated mazes. The increase in activity in the 
enclosed Group after Day 3 is a curious effect which has not previously been reported ; 
Williams and. Kuchta's (1957) experiment is the only directly comparable one in 
Which trials were continued for more than 4 days. Such an increase is unexpected 
and is not in accord with any theory of exploration. t 

The results for the first 3 days present difficulties for any theory of exploration 
Which supposes that novelty of the environment is the sole determinant of exploratory 
behaviour; for it appears that the enclosed maze becomes less novel with repeated 
Exposure while the elevated maze does not. It might be that the elevated maze 
Offered more to explore than the enclosed one and so the rats did not appreciably 
Teduce its novelty during any one session. If this were so, rats would be expected 
to Continue to explore an elevated maze for longer than an enclosed maze during a 
Single prolonged exposure. A further experiment was therefore undertaken to 
Mvestigate this possibility. 

EXPERIMENT Il 
Subjects, apparatus and procedure a ; 
c The subjects were 32 naive, female, hooded rats, obtained from the Medical Research 
ouncil, Mill Hill, London. They were about 100 days old. The same apparatus was 
used as in Experiment IB. 
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The subjects were housed, fed and pretrained exactly as in the two previous 
experiments. 

On the day 
trial. Twenty. 


following the end of pretraining all subjects were given a single 30-min. 
Testing and re 


-two rats were tested in the elevated maze and ro in the enclosed maze. 
cording procedures were as in the two previous experiments. 


RESULTS 
Elevated 


Figure 2C shows the mean activity of the rats in the elevated maze for each 3 min. 
of the trial; there was a steady fall- 


off in activity up to about I5 min. There were 
Significant decreases in activity between both the first and the second, and the 
second and the third 5-min. perio 


| ; ds of the trial (both p < 0-05, Wilcoxon). There 
was also a significant difference between the second and either the fourth or the 


fifth such period ($ < 0-04, Signs test). There were no Significant differences in 
amounts of activity between the last three 5-min. periods, 
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TABLE III 
MEAN ENTRIES IN ACTIVE PERIODS, AND PERCENTAGE OF INACTIVE PERIODS 


Time intervals in min. 
O-I 2-5 6-10 II-I5 | 16-20 | 21-25 26—30 

Group El: 

Mean activity per 

active period eb 418 3:50 3:16 3°23 3:225 3°24 3°03 

Percentage inactive 

periods .. z| 364 540 55:9 69:0 745 Zr 73:2 
Group En: 

Mean activity per 

active period — ..| 725[| 6-1* 3:35 2:65 aiga 2194 292 

Percentage inactive 

periods .. se] oF 6:251 | 20:0* 37:3* 62:5 78:7 83:2 


i es, 


The mean entries per active period is the sum, across all subjects, of the activity 
Scores during active periods, divided by the number of active periods. 


* Difference between Group El and Group En significant at o:or level or better. 
T Difference between Group El and Group En significant at 0-005 level or better. 
-tests were used for mean activity scores, and x: tests for inactive period scores. 


The mean activity in active periods was constant after the first 5 min. Activity 
per active period decreased significantly between the first and second 5-min. period 
(b — 0:04, Signs test) but this was mainly due to very high scores in the first min.; 
the difference between the mean activity per active period in the 2-5-min. interval 
and the 6—ro-min. interval was non-significant. 

The “percent inactive" scores rose steadily up to the fifth 5-min. period. The 
only difference between scores on successive 5-min. periods that approached 
Significance was between the second and third 5-min. periods (5 = 0-076, Signs test) ; 
however the scores in the first 10 min. and the last ro min. differed at the o-oor level 
(Signs test). 

Table IV shows the percentage alternation for each 5-min. period of the trial, 
together with the significance, by the Signs test, of the deviations from 50 per cent. 
(chance alternation). The scores from 11-30 min. combined were at the level of 
chance (94 alternations out of 187 choices). The decline in alternation between 
9-10 min. and 11-30 min. was significant (p = 0-004, Signs test). 


TABLE IV 
PERCENTAGE ALTERNATION AND SIGNIFICANCE OF DEVIATION FROM CHANCE 


Time intervals in min. 


0-5 6-10 II-I5 | 26-20 | 21-25 | 26-30 
Group El: 
Percentage alternation  ..| 677 62:5 49:25 52:2 59:5 42:9 
1gnificance level (p) ..| 90:003 0-046 n.s. n.s. n.s n.s 
Group En; a 


Srcentage alternation ..| 64:1 61:2 42:0 474 50-0 
lgnificance level (5) -..| O'oor 0:045 0'215 n.s 
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discontinuity in behaviour, which can best be thought of as bursts of activity of 
constant amplitude but decreasing frequency. In this respect the pattern of 
behaviour is similar to that found in the extinction of a learned response (Hurwitz, 
1957). 

The rats’ activity in the two types of maze, in this single exposure, differed because 
the rats in the elevated maze made longer pauses between active periods than those 
in the enclosed mazes. But when they were moving around both groups were equally 
active. Of the various possible explanations for this difference the most likely seems 
to be that exploration of the two types of maze proceeded rather differently. In the 
enclosed maze by far the greater part of the stimuli to explore were within the maze 
itself (the view through the roof was very limited); the only way to explore such 
stimuli was to approach and inspect them. In the elevated maze the extra-maze 
stimuli were relatively far more important, and these stimuli could, to some degree, 
be investigated without moving around. Qualitative observation of the subjects’ 
behaviour supported this view. In the enclosed maze, when not moving around 
the rats preened or were almost immobile. In the elevated maze they reared up on 
their hind legs, moved their heads around, or peered over the edges of the maze; 
they were not scoring any entries, but they were clearly exploring; the frequency of 
this type of behaviour tended to decrease as the trial continued. 

The results indicate that rats stop exploring elevated and enclosed mazes after 
about the same period of time, and this suggests that elevated mazes are not more 
interesting than enclosed mazes. Taken in combination with the results of the 
Previous experiments in which it was found that there was an inter-session decline 
with daily trials in the enclosed maze but not in the elevated maze these results pose 
à problem in interpreting the difference between exploration in the two types of 
maze. This difficulty is particularly acute for any theory of exploration which 
tries to account for the results of both experiments solely in terms of what the rat 
learns about the mazes. Such a theory must explain the results of both experiments 
In terms of the decreasing novelty of the mazes; but the only difference there can be 

etween the two situations is that, in the case of the daily trials the novelty of the 
maze may be affected by how much the rats forget in the intervals between trials, 
while in the single long exposure such forgetting is relatively unimportant. Such 
differences might well affect the rate at which the maze became familiar and so produce 
different rates of change of exploratory activity in the two experiments. But these 
differences in forgetting could not alone account for the different relationship 
between elevated and enclosed groups in the two experiments. 

There must therefore be some further difference between the two types of maze 
Which influences their capacity to elicit exploratory behaviour. That is, experience 
of the maze must have a different effect on the animal in the two types of situation, 
Such that familiarity with the maze changes the rats’ response to the situation during 
daily trials in the enclosed, but not in the elevated maze. The results on defecation 
m Experiments TA and IB suggest one way in which the animals’ reaction to the 
Mazes changed from day to day in just this manner. It is generally accepted that, 
as ja, group measure, defecation is an indicator of fear or emotionality in rats (e.g. 
Broadhurst, 1957). It thus appears from the defecation scores that, in Experiments 

and IB, the rats in the enclosed maze became less fearful with repeated experiences 
ot the maze, while the elevated maze evoked fear to about the same degree on all 
Sq Observation of the animals’ general behaviour in the two mazes accorded 

conclusion. 
It appears, therefore, that the rats' fear of the two types of maze changed in very 


much the same way as their exploratory behaviour, over the first 3 or 4 days. 
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Similarly it is reasonable to suppose that fear of both types of maze repaint pr 
during the single long exposure described in Experiment IT. (The pr i ee 
animals defecating in any one 5-min. period decreased dc T E "es 
in both mazes, but this might only represent a decreased capacity to defeca m e. 
this case too the rats' fear of the mazes probably varied in much the same ead 
their exploratory activity. Given that some factor other than novelty is on it 
to explain the results on exploratory activity, the findings on defecation m 


Seem possible that fear is of greater importance in the control of this sort of behaviour 
than has commonly been supposed. 


It is suggested, on the basis of o 
defecation results, that the elevated maze is an environment of the latter sort: 
Within any one experimental session fear of the 
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THE EFFECTS OF VARIATION OF INTERTRIAL INTERVAL 
ON EXPLORATION OF ELEVATED AND ENCLOSED MAZES 


BY 


M. S. HALLIDAY 
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4 imple 

i l between exploratory trials was varied in experiments using simp 5 

Eo ue mazes. "activity on the second trial was depressed for sbort o 

trial intervals but had recovered after about 10 min. ; the degree of recovery was an th 

in the two types of maze. A second decrease in second trial activity was foun due 
inter-trial intervals of more than 20 min., but a further experiment suggested this was 

to the effects of delay itself, rather than to previous experience of the environment. 


INTRODUCTION 


EXPERIMENT I 
Subjects 


The subjects were 1 33 naive female 
Council, Mill Hill, London. 


5 t 

120 i xperimen 

he rats were housed, four to à cage, in wir D eph pum 
(Laboratory chow) and water. 


Apparatus 


a 
c l vel. The maze was placed unde e 
DX 4 ft. Gin. x 4 ft high, covered with black cloth., 


Masking noise of moderate i 


. omen 
ntensity was Supplied by the air conditioning equipme 
Procedure 
The subjects were given ini ; i to move 
around in à 5 ft. square enclosure adr ettaining during which they were allowed 
to time. 


ime 
metal walls, being picked up and handled from tir? 


ages 
©, Put in one of the solid metal delay C 
PS OR the hr ength of time appropriate to its group. It was then given a seco? 
5 min., food and wate maze and returned to its ho 


an 
me cage. For delays of more th 


T Were available in the delay cages. 


EXPLORATION WITH VARYING INTERTRIAL INTERVALS 26 


TABLE I 
SUMMARY OF PROCEDURE. EXPERIMENT I 


unr 


Group I | TI | ut | Iv | V | VI VII VIII IX 


N 10 10 | 21 | 12 23 | 12 | 24 10 12 


Delay 2 min. 40 min. | rhr. 5 hr. 21 hr. 


20 min. | 20 min. | 20 min. 


2 min. | 5 min. | 10 min. | 20 min. 
5 


. The variation in numbers of subjects in each group was the result of the experiment 
being run in three parts: 

Part A: Groups I, II and ro subjects in Group III; 

Part B: Eleven subjects in Group III, 12 in Group V, 12 in Group VII and all of 

Group VIII and IX; N 

Part C: Group IV, 11 subjects in Group V and 12 each in Group VI and VII. 

Various parts of the experiment were run successively in order to extend the range 
and complete the picture which emerged from the earlier parts. But for the purposes 
of this report all parts have been treated together, since there was no difference in 
procedure, : 

All second trials were run between 2 p.m. and 4 p.m.; the first trials for all except 
Groups VIII and IX were run between 1.30 p.m. and 3.30 p.m. Group VIII had its 
first trial at about 10 a.m. and Group IX at about 5.45 p.m. 


Results 


The rats in Part B of the experiment, which had been obtained from the suppliers 
at a different time from those in Parts A and C, were significantly less active 
< 9:05, U-test) on the first trial than those in the other two parts (which did 
Not differ from one another). Presumably this difference was due either to genetic 
factors, or, more probably, to environmental differences before arrival at the 
laboratory, (All tests of significance are two-tailed unless otherwise stated.) 

. The first trial scores for the groups in Parts A and C combined and for the groups 
In Part B were each homogeneous (Kruskal-Wallis analysis of variance). There is 
thus no evidence for significant differences in exploratory activity arising from giving 
the first trials at different times of day; the daily cycles of activity commonly found 
In activity wheels (Wang, 1923) seem relatively unimportant in this type of situation. 
hen a group was composed of subjects from Part B and Parts A or C, the changes in 
activity were in the same direction and of the same order of magnitude in both cases. 
t Seems that, provided no direct comparisons of amounts of activity on the second 
trial are made between subjects in the differing parts of the experiment, valid com- 
us between groups can be made. To avoid this difficulty tests of direction 
9! change were where appropriate. ; 
For ph a Figure i and Table II present the results in terms of 
Percentage change in activity scores. f ; 
hec was gres mx ri in Trial 2 scores for short delay intervals; this 
Teduction disappeared with delays of 10-20 min. There was also a reduction with 
Clays between 40 min. and 5 hr. 20 min., but the 21 hr. 20 min. group showed no 
Ieduction, Separate Kruskal-Wallis analyses of variance were carried out on the 
nial 2 scores for the groups in each part. In each case the variance was significant 
at below the 0-05 level. iA 
he rise in Trial 2 scores from Group I to Group IV was significant; Group I 
(t min.) differed significantly from Group III (5 min.) (p = 0-02, U-test). In 
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n o 
addition the following differences in direction of change of pp ena oa — 
trials were significant by x? tests: I vs. IV (p < 0-01), II vs. IV (p < 0-05), 

(b < 0°05). 


FIGURE 1 


21 hr 20° 


"ws il 
Percentage change in activity on second trial 


10 [7 105 
Delay in seconds (Log scale) 
Activity on the secon 


3 jal- 
d trial expressed as a ercentage of activity on the first tria 
Experiments I and II and III. À 2 RT 


TABLE II 


MEAN Activity SCORES AND PERCENTAGE CHANGE IN Scores. 


EXPERIMENT Í 
Mean activity score Percentage 
e 
Group Del Trial n uo | porre 
a ¥ i ivi n 
Ly ial 1 vial 2 activity (sig 
I 1 min. 18-6 4:6 ego 
TWEEN a 1o 9 | 
II 2 min. 18:2 8-8 gass 
ooa m n —— | 
III 5 min. 16-7 13:76 LI RE 
Say | eel Nd 
IV IO min, 18:5 19:08 +3:2 = 
y 20 min. 17:8 4 ; T 
7 17:81 +0:25 | ee 
= ———. ire | 
NR a Le | sm 
ey | I hr. 20 min. I5:1 12-41 —177 9/058 
VIII 5 hr. 20 min. 13:5 9:6 —28-9 La 
z j————— 5 Mi 
IX 21 hr. 20 min, 10-0 11-7 +16-7 S079 
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The fall in second trial scores after 20 min. delay was also significant. In this 
case, since the first trial scores for Groups VII and VIII were lower than those for 
Groups I-VI, it was inappropriate to use U-tests, but the x? test for significance of 
changes shows that Group IV (1o min.) differed significantly from Group VI (40 min.) 
(p = 0:05) and from Group VII (1 hr. 20 min.) (p < 001). Furthermore there was 
a significant difference between Groups VI, VII and VIII combined and Group IV 
($ < 0-03, x?) and also Group V ($ < 0°05, x°). 

The changes in scores between trials for Group IX (21 hr. 20 min.) did not differ 
significantly by the x? test from those in Groups VI, VII, and VIII individually, but 
they did when the latter three groups were combined (f = 0°02, x’). 


Discussion 


With short intervals between trials in an elevated maze, there was a sharp 
decrease in exploratory activity on the second trial. With increasing delays this 
decrease became less and less apparent, until the delays of 10-20 min. between trials 
it disappeared altogether, and the rats were as active on the second as on the first 
trial. When the interval between trials was increased beyond about 20 min. activity 
on the second trial began to fall again up to delays of 5 hr. 20 min. ; however with a 
delay of 21 hr. 20 min. the activity on the second trial was actually (non-significantly) 
more than on the first trial These changes in activity do not appear to be 
attributable to any diurnal activity changes, since all the second trials were run at 
approximately the same time of day; while such differences in time as there necessarily 
Were between times of first trials in the various groups gave no indication of producing 
differences in activity on that trial. The changes in activity on the second trial 
are obviously not easily accounted for by supposing that they were wholly due to 
changes in the novelty of the maze; nor indeed do they fit in with any explanation 
In terms of a single variable. ; 

The most plausible account, leaving aside for the moment the 21 hr. 20 min. 
Broup, might be to say that the first part of the curve, up to 20 min. represents a 
recovery of exploration, due to renewal of novelty or for some other reason; while 
the Subsequent depression of scores with delays up to 5 hr. 20 min. is the effect of 
being retained in the delay cages and is unrelated to the novelty or otherwise of the 
maze on Trial 2, The next experiment was performed to test this suggestion. 


EXPERIMENT II 

with delays greater than 20 min. was an 
li during this trial, then it should make 
two trials were to be given in different 


If the reduction in activity on Trial 2 
effect unrelated to the novelty of the stimu! 


no difference, for these longer delays, if the e liffe 
environments p the ates hand such an environmental difference should eliminate 


the decrease on :4] with delays of less than 1o min. if this decrease is 

i the second trial with delay 1 s ase 
directly related to the stimulus characteristics of the environment. This cA 
Was tested by giving rats two trials with varying delays between them, the first tri 
in an open field and the second in an elevated Y-maze. 


Subjects 
The subjects were 48 naive female hooded rats, about 120 days old at the start of the 
°xPeriment, They were housed and fed as in Experiment I. 


Apparatus E . - 
The el S the enclosure was as in Experiment I. An open field 
as used, see Hats high plain metal walls; the floor of the field was marked 
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out into nine rft. x 1 ft. squares. This open field was placed on the floor of the 


experimental room and was illuminated by a single 150 wall bulb in the ceiling (about 
11 ft. above the floor). 


Procedure 


This was in general the same as in the previous experiment. All subjects were given 
three days pretraining on a table top. : 

On the fourth day each rat was given two trials. Trial 1, lasting 3 min., was in the 
open field; this was followed after a period spent in the delay cages by a second trial in 
the Y-maze. In the open field each rat was started from the same corner; the rats 
movements were marked on a cyclostyled sheet and the total number of line crossings 
made was recorded. 

The subjects were randomly divided into four groups with different delay periods: 

Group I ł min. delay N — 12 
Group II 10 min. delay N= 12 
Group III 40 min, delay N = 12 
Group IV 5 hr. 20 min. delay N = r2 
All second trials were given between 2 p.m. and 4 p.m.; ti 


in the same period, except for subjects in Group IV which 
10.30 a.m. 


he first trials were also gives 
had their first trial at abou 


Results 


Table III gives the mean activity scores for each group on each trial. 


TABLE III 


MEAN Activity SCORES IN OPEN FIELD anp Y-Maze. Experiment II 


Trial r ; 
Group Qon. field Trial 2 


Y-Maze 
um ce 
T 25:33 14:33 
p cue ce MUS, Ne 
II 251 18-9 
REC |n 

mme e NRI NM 
III 25:6 164 
— E — 
IV | 
144 


——— — 1 LM 


Trial 2 = 19:08); the ro min Same activity score on both trials (Trial x — dr 
Trial 2 score whic the sa: 

it was assumed that, had Group II (Io sin ud 
trial in the Y-maze, it would have scored “a 
(ie. about 19:0). It was also a. en 


— — 
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tens scores in this experiment from ro min. onwards were virtually the same as 
E se in the last experiment; the score for the 2 min. group, however, though a little 

epressed on Trial 2, was much less so than the equivalent group in Experiment I 
The difference on the second trial between the activity scores of the $ min. groups in 
the two experiments was highly significant (p < 0-002, U-test). 


Discussion 


fie results confirm the proposed. interpretation of the results of Experiment I. 
P: 3 seem to be two types of reduction in exploration with increasing delays, one 
5 Ww ch, with delays of less than 1o min., only appears when the first trial is in the 
: = environment as the second; the other, taking effect at delays of over 20 min., 
^ E poe effect of the delay procedure and appears equally when the first trial is 
E e same or a different environment to the second. This second decrease, for 
delays of between 20 min. and 5 hr. 20 min. is thus not a function of the stimuli 
E de environment, but rather of the delay itself. It is suggested that rats kept 
E. e delay cages, which offer a rather monotonous environment, become les 
à used as time goes on and that this decrease in arousal makes them less likely to 
E Lora in any exploratory situation, novel or familiar. An informal experiment 
s y ch rats activity in a delay cage was measured, by means of a phototransistor 
aH a beam of infra-red light, showed a steadily decreasing amount of activity in the 
a after being put in the cage. This finding is consistent with the suggested 
nterpretation. The recovery in activity with delays as long as 21 hr. 20 min. is 
UE H possibly, following the suggestions of Berlyne (1960) long periods of 
i e in a dull environment produce boredom, which in turn leads to higher 
"" Woie delays between trials of more than I0 min. produce decreases in activity 
v he second trial which are a function of the delay itself, delays shorter than this 
litt] os a marked decrease when the rat has both trials in the Y-maze, but very 
D x ecrease when the first trial is in the open field. This decrement, in contrast 
Poir he decrements at longer delays, is dependent on the similarity between the 
H ronments on the two trials (cf. Montgomery, 1953). It has been shown 
i alliday, 1967) that there is complete recovery of exploratory activity in an elevated 
$ aze between daily trials; this experiment shows that this recovery all takes place 
vithin about ro min. after the end of the first trial. The implications of this finding 


Will be discussed after reporting the next experiment. 


ExPERIMENT III 


in exploratory activity between daily trials in 
tivity between such trials in an enclosed 
how the course of recovery of exploratory 
th the results of Experiment I. 


TM ie there is complete recovery ii 
maze ed mazes, there is a decrement in ac 
activit This experiment was performed to show 

y in an enclosed maze for comparison WI 


Subj 
Jects, apparatus and procedure 
Conte subjects were 71 naive female hooded rats obtained from the Medical Research 
ex neil, Mill Hill, London. They were 100-120 days old at the beginning of the 
Xperiment, i 
1209 n enclosed Y-maze was used with three 18 in. 
floor The walls of the maze were made of unpa 
plac, Was wooden and the roof was made of transpare 
9 Ced 18 in. above the floor inside the same enclosure a5 
Pparatus were similar to those in that experiment. 


arms, 4 in. wide, meeting at angles of 
inted metal and were 6 in. high; the 
nt Perspex sections. The maze was 
in Experiment I. Other details 
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The procedure was identical to that in Experiment I. 
trials in the enclosed maze; the numbers and delays in each group were as follows: 


Group I 
Group II 
Group III 
Group IV 
Group V 
Group VI 
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Each rat received two 3-min. 


$ min. delay N = 12 
5 min. delay N=11 
10 min. delay N=12 
40 min. delay N = 12 


I1 hr. 20 min. delay N = 
5hr. 20 min. delay N = 


I2 
I2 


Times of trials and recording procedures were as in Experiment I. 


Results 


The activity scores for both trials, the change in score on Trial 2 expressed as @ 
percentage of the score on Trial 1 and the significance 


of the change are shown in 


Table IV. 
TABLE IV 
MEAN ACTIVITY SCORES AND PERCENTAGE CHANGES IN Scores, Expertment III 
Mean activity scores Percentage 
Group Delay Trial 1 Trial 2 ps (stpus D 
I $ min. 312 10:8 —65:6 «9:001 
II 5 min, 24:3 ma | | us | — 
III IO min. 27:2 Ee — Sol 
IV 40 min. 26°75 La | = 0:012 
v I hr. 20 min. MENS | me | ee 0:05 
VI 5 hr. 20 min. 28-1 Lone EE 
ite OMNE NM 
gros of Tl t. th ne i variance portant te cant variability bel 
are from the different tence ct dita: Wa nuu centes in exploratory hee 
erent groups. Was necessarily give 


= 0-02 and p = 0-08 (one-tài 
between Group III and GrouP 
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therefore not of direct interest for present purposes and will not be considered 
further. In the elevated maze it was found that the decreases in Trial 2 scores at 
intervals shorter than ro min. were a function of the stimuli in the situation (i.e. 
they did not appear when the two trials were given in different environments). The 
same is presumably true in this case. For the analysis of exploratory behaviour in 
these two situations attention should therefore be concentrated on the groups with 
delays of ro min. or less. 
In the elevated maze there was a complete recovery in exploratory activity after 
a delay of ro min., but in the enclosed maze there was only about 80 per cent. recovery 
after the same delay. A significantly greater proportion of animals in Group III 
(Io min.) of Experiment III reduced their scores between trials than did in the 
Io-min. delay group in the elevated maze (f < 0°05, Fisher Test). With daily 
trials there is no intertrial reduction in activity in elevated mazes, while in enclosed 
mazes the percentage reduction between the first 2 days is approximately the same 
as after only ro min. in this experiment (Halliday, 1967). Thus in both types of 
maze the effects of a 10-min. delay are more or less equivalent to the effects of a day’s 
interval between trials. It is concluded that recovery of exploratory behaviour, 
after a 3-min. trial at least, all takes place within about ro min. — . i 
One explanation of these results is that the changes in this brief Io-min. period 

arise because the rats forget most of what they learnt during the first trial, and so 
the maze is more or less novel to them after 10 min. This seems to bean unreasonably 
fast rate of forgetting and makes it hard to account for any sort of learning in an 
elevated maze; for, unless information acquired during exploration and information 
acquired by reinforcement are stored in different ways, the rate of forgetting should be 
the same. There are other difficulties about such an account. The percentage 
reduction in Trial 2 scores (as compared to Trial 1 scores) is very similar with $ and 
? min. delays in both elevated and enclosed mazes. If differences in exploratory 
activity in the same maze are taken to reflect differences in the novelty or familiarity 
of the maze, it follows that, regardless of any initial differences in "'interestingness 
between the mazes, the relative decrease in novelty (increase in familiarity) ł min. 
after a 3-min. trial in either maze is about the same. That is the novelty of the 
environment $ min. after a 3-min. trial, compared to its initial novelty at the 
beginning of the first trial, is the same in both types of maze. The question posed 

Y these results is: if the relative novelty of the two types of ue is about the d 

min. after a 3-min. trial, why is it different 10 min. afterwards? It appears e 
Unless very implausible assumptions are made about differential rates of forgetting 
In the two types of maze, it is very hard to account for these results simply in terms 
9Í what the animals forget in ro min. Such a conclusion throws serious doubt on 
any theory of exploration in rats which assumes that what the rat knows about the 


Maze is the sole determinant of exploratory behaviour. 


This work was carried out as part of a programme supported by the Medical Council. 
Tam grateful to Mr, A. J. Watson for his help and advice. 
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explanation for Woodrow’s results would be that the ascending-descending order of 
presentation of the different foreperiods within a session put the r sec. foreperiod, 
the shortest one, in an unfavourable position. 

Recent work thus shows that preparation can be built up much faster than 
Woodrow contended, but it has produced no comprehensive picture of the time 
course of the phenomenon, for there has been no systematic study of the effects of 
the duration of constant foreperiods in the range below rsec. Shorter foreperiods 
have only been studied in experiments with variable foreperiods. Lansing, Schwartz 
and Lindsley (1959) measured simple RTs to flashes preceded at a variable interval 
in the range 50 to 1,000 millisec. by another flash, and found an optimum at about 
350 millisec. The longer RTs at shorter intervals might be due to lack of time to 
Prepare, but also to expectancy regarding the time of occurrence of the stimulus. The 
last possibility is demonstrated by an experiment by Drazin (1961) who measured 
Simple RT to a light preceded by a warning tone, the range of variation of the 
foreperiod covering r sec. in all conditions, but starting at values extending from 
O'125 to 2sec. All reaction time-foreperiod curves displayed a marked initial 
&radient. However, the gradient was somewhat steeper when the shortest fore- 
Period was less than 250 millisec. which suggests that a latency phenomenon is 
Superimposed on the expectancy effect. To study the time course of preparation, 
uncontaminated by range effects, one must of course use constant foreperiods. One 
reason why it has not been done is that most authors studied simple reactions. In 
that situation, with short constant foreperiods, it is difficult to prevent the subject 
from reacting to the warning signal. The obvious way to avoid this type of 
behaviour is to attach event uncertainty to the stimulus, i.e. to use choice reactions. 
_ In the experiment to be reported, a high time uncertainty was first created, by 
imposing a long waiting delay, or a highly variable one. A visual stimulus calling 
for a choice reaction was then presented, either without warning or a constant 
foreperiod after an auditory warning signal. By varying the length of the foreperiod, 
it was thus possible to observe the time course of the adjustments triggered by the 
Warning signal. à TS 

An additional motive to study this situation was provided by the consideration 
of the current work on the psychological refractory period, It has been conclusively 
Shown that when two signals, each calling for a response, occur at an interval shorter, 
9r sometimes even slightly longer, than the RT to the first signal, the pum SS 
Second signa] is delayed, provided the subject has been persuaded to deal imme px y 
With the first signal. This is the main experimental basis for the hypothesis, rst 
Put forth by Craik, that information eee, acc basically intermittent 
Central mechani ecent review, see Bertelson, 1966). — 

Cie cite Joie $< once one of the unitary operations performed by um 
Central mechanism has been started, it cannot be stopped, and further sensory EU 
cannot be accepted, until its full completion. In the case of overt immediate 
reactions, the intermittency period would consis 
Plus Possibly some recovery time (Davis, 1957). 
hort-term memory, might involve intermittency periods ue ene 
avis (1959), for example, has argued that paying ate ad pus oe g, is 
critical in determining refractory delays. He based this conc E € P riments, 

Y Fraisse (1957) and by himself, where delays were found in x x 5, not only in 
he usua] situation where both signals are responded to, n. o when the second 
Signal only called for a response. Davis did not contend that any irrelevant. signal 
Would disturb subsequent reactions, and he discussed the reasons why such disturb- 
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z : dere 
was found in his experiment. In fact, there are cases in n bwin Ww pt 
ge i 63; Rubinstein, 1 , 
i ; ignals caused no refractoriness (Borger, 1963; te 
B ets discussion is the idea that signals ie — haar’ e 
i i i / ight, this idea se n 
ittency period, or not at all. At first sight, i 2 
ee p delays vary from situation to situation: they ane Ee 
the two-responses case than in the second-response case (Fraisse, 1099 pose 
longer when both stimuli reach the same sense modality than when pe reach S z 
: ios e: 
iti isse, 1957; Davis, 1959). Such variations can howev hs 
ie ms «de: taie in varying proportions of cases of full refractorines 
of no refractoriness. . i " 
E case of warning signals is considered in the framework of 23 
discussion, one is immediately led to ask if a Signal can be used as a time cue to s d 
reparation without causing refractoriness. More precisely, does the warning | s. 
fa an intermittent period, so that the processing of the stimulus itself mus Ts 
delayed till preparation is completed? If it does, at short forepennas, ed 
50 millisec., the gain from preparation might be smaller than its cost. The su i 
would then have the choice between ignoring the warning signal, and having the «o 
long RT as without warning, or accepting it at the cost of a still longer RT. So, 


> : f 
warning signal would either be ineffective, or harmful, below a certain length © 
foreperiod. 


METHOD 
Apparatus 


; ir 
; They provided the two stimuli. The 
position was indicated on the screen by outline circles, 


: le 
» on which the subject rested the index and mid 
fingers of his preferred hand. The 


as applied, to m ; 
equipment, which was situated in the im room. The Click, which served as warning 
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After a waiting iem 
, after the foreperioc, 
he following trial. m the 
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first were considered as examples enabling the subject to experience the foreperiod. If 
the subject made errors in the remaining 1o trials, additional trials were given, to obtain 
a total of ro errorless trials. 

After each response, the experimenter stopped the masking noise and told the subject 
whether his reaction time had been "fast" or "'slow," meaning faster or slower than the 
mean correct RT with the same foreperiod on the previous session. When an error was 


made, the RT was not communicated. n : 
The order of the blocks within sessions was counter-balanced, using two 9 x 9 latin 


Squares, as far as the number of sessions permitted. _ 
The first session was devoted to familiarization with the task. The procedure was 


varied from subject to subject. " 3 

. The subjects were tested in two groups of respectively six and four. In each group, 
individual mean RTs for the preceding sessions were displayed in diagrammatical form 
9n the door of the experimental room before the start of the next session. 


RESULTS 


Effect of warning click and of foreperiod duration 

Figure r shows mean correct RTs, and percentages errors, averaged over subjects 
and sessions, as a function of the foreperiod duration, together with the corresponding 
data for the control (no-click) trials. The first two trials of a block were always 
discarded. Mean correct RTs were obtained from the following Io correct reactions. 
Error rates were calculated from the ro first reactions following the two practice 
trials, and are thus not influenced by the additional trials given to obtain the total 


of Io correct reactions. 
FIGURE 1 
No click 
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FIGURE 3 
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DISCUSSION 


The present results confirm the suggestion, derived from recent work on time 
uncertainty, that the latency of preparation can be much shorter than the 2 to 4 sec. 
value reported by Woodrow. The full effect of the warning signal on the reaction 
time was obtained after between roo and 150 millisec. Whether this figure would 
hold for other reactions than the one which has been studied here—e.g. for higher 
degrees of choice or other S-R codes—cannot be stated. 

In this experiment, the effect of the warning signal was not only to reduce the 

T but also to increase the percentage of errors. Inspection of RT distributions 
Showed that errors are generally accompanied by very short values. One might 
argue that the increase in speed was obtained by giving simple reactions to the 
Onset of the light, thus disregarding the nature of the stimulus, on an increasing 
Proportion of trials. If this crude hypothesis were true, a correction for guessing 
could be applied to the data. The principle was, for each error, to discard one 
Correct reaction given with the same RT. In practice, the sum of correct RTs 
Was subtracted from the sum of incorrect RTs, and means calculated on these corrected 
me, Separately for each block of trials. The results of these treatments are shown 
m Figure 4. Tt appears that the effect of the warning signal cannot be “explained 
away” by the hypothesis of random responding. 

ccording to the reasoning developed in the Introduction, the fact that very short 

Oreperiods like 50 millisec. and less already produce a detectable effect on reaction 
NH implies that the warning signal can be accepted as a time cue without creating 
intcactoriness, Let us suppose that processing the warning signal started an 

Jtermittent period of the order of magnitude obtained in experiments with pairs of 
Simple reactions, say 150 millisec. Let us make allowance for the fact that auditory 

àta reach the brain faster than visual ones, and let us take as an estimate of this 
ference the usual difference between simple visual and auditory RTs, 40 millisec. 
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100 millisec. is about 17 millisec, 


i i The difference bet 
foreperiod o is also I7 millisec., thus much 


i i ld lead 
to smaller estimations. Wirsdtuand AO QE eae 


j e 
ces some immediate facilitation of th! 


ulus. Hershenson (1962) has shown that a simple reaction 


€ interval between the stimu]; 
the RTs to the tw The dem ome 
was detected when the click was simultaneous with the visual stimulus. Whether 
an effect of longer duration ditions of the present experimen 
eriments, 
Some support for the facilitation hyp Em 


when a E : 
waiting 1s available, the expe 


y its usual role. Th 
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hand works independently of the length of the waiting delay, as if its effect was 
simply superimposed on that of expectancy. 

This work has been partly supported by the Belgian Fonds National de la Recherche 
Scientifique, under the form of a “Crédit aux Chercheurs.” Thanks are due to the 
Medical Research Council for accepting the author as a visiting member of this Unit. 
The visit was facilitated by a NATO research fellowship. The author is indebted to Sir 
Frederic Bartlett and to Dr. D. E. Broadbent for providing space, facilities, suggestions 
and encouragement. The work benefited much from discussions with members of the 
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BOOK REVIEWS 


i. ion: i i Experimental 

l Mechanisms of Integration: Symposia of the Society for ri de 
oneri "Edited a G. M. Hughes. London: Cambridge University 

ce 1 x E 
Press. 1966. Pp. viii + 553. 75s. 
i i iolo, 
In 1950 the Society for Experimental Bio 

metanas in animal behaviour. This made a 


ste of ethology to many English 
workers. Since then this discipline has become perh 
in behaviour studies. However learnin; 


technically easy to work with, and preparations can be made which i 
simple neuronal circuits, suitabl 


^ 


Synaptic excitability 


intriguin, Ossibilities, El 
Synaptology of iia ÉD 
with the electrophysiologi 1 i i 
faitful. Physiologica analysis, which 
The sensory side of behaviour is Covered b i with 
ion in i P Y three papers. Sch ider deals v 
chemoreception in Insects, and 1s particularly concerned a the action responses 
i Wiersma describes of 
compare the coe ee 
à Roeder and Payne tudy 
in an admirable way, combining a S 


„communication, 
a zitis interesting to 
extended their work on “ at detection by nite aren 
of the structure and function i 


of the auditory mechanisms with ; i iologica 
É ; t with its detailed physio. 
Working, and Paying due re, i daptive consequences, This tay a true 
Synthesis of various methodological and conceptual approaches, d 
mplex areas of integration, relating behaviour to negra! c 
2 f ere is one paper on chemical transmi 
a field which needed r eviewing) and another, on the secretion of horm PE 
d T Papers in this area are reviews of hormon: 
Steel) and sticn poral integration of reprodnehen behaviour in canaries (by Hinde ar 
messe icklebacks (Baggermann). Both of these use Sophisticated ethologiC 

S, and sh can be achieved in this area, Unfortunately no obvious li 

havioural and the central nervous mechanisms, although wor 
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in this area (for example by : 
advances. ae ple by Sawyer, Harris and many others), h: dn 
hopper bus d s papet by Loher and Hüber on dur ee m a 
of the integrativ c i e this sort of synthesis, while Clark provides a competent rey 
The papers on iesrine cient Ea 

Octopus vw = ing are unrepresentative of their field. Wells’ sum: 
iyeba x nrm, 5 But vertebrate learning is represented by a sido: ene 
present a RT ud in the spinal cat (Kozak and Westerman). Bruner and Tat E 
ined study of long lasting post-synaptic changes in Aplysia, and couple fhis 
Roe the anal P e experiments on learning. This preparation provides promising zu "n 5 
owever, Fag DA e electrical and biochemical changes correlated with lanae 
astonishing that ii inclusion of Lashley’s contribution in the 1950 symposium it Eee 
learning in re e present volume contains no paper on the neurophysiological basis of 
flies Cheat mmals—no mention of studies on the frontal, temporal or hippocampal lobes, 
ry of learning, or the effect of brain stimulation on reinforcement. The 


em Seems extraordinary. 
which a surprising that after reading the papers in this symposium, each one of 
1950 we E it 1 i its own right, the prevailing feeling is one of disappointment. After 

at an integrated approach to the mechanisms of behaviour was indeed 


Possibl e c 
"rue Reno this is reflected in Bullock's exciting introduction. Yet in the present 
Work of ph perhaps five of the 19 papers go some way to adopting this approach, and the 

ysiologists and psychologists which could have bridged some of the gaps was 


not i 
Says Srna despondency is well summarized by the editor in his preface where he 
endocrinologic { ing has served to emphasize the need to apply the full gamut of neuro- 
techniques E al, electrophysiological, neuroanatomical, ethological and cybernetic 
to integrati uring future work in this active field. The need for an integrated approach 
Science is n amply demonstrated." Psychologists may well feel sad that their own 
ere are ( Figs from the editor's list. Perhaps zoologists should be reminded that 
at a guess) some 10 good journals in the broad field of physiological psychology. 


t wou - 
ld be sad if the closing gap between zoology and psychology should now be widened, 
D. M. VowrEs. 


Essenti 
ial Works of Pavlov. Edited with an introduction by Michael Kaplan. New York: 


Bantam Books. 1966. Pp. xiii + 392. $1.25. 


A 
selectids paperback edition of selected Pavlov papers i 
made can provide a rational summary of the work and ideas. 


Chose 
nh i : 
Which h ere give a lucid account of Pavlov's wor 


Quantitat : 
itatively with the relation between physical stimu: 


s welcome, especially when the 
The writings 


He had learned to consider 
and found he 


e wider problems of what is still 


Ork E lection reprinted here outlin sid idea central in Pavlov’s 
an Conditioning: that the brain is ning he d Der 
i ; that behaviour 1 


adaptar 

m fo or experience. With the ideas goes the techniq : 

gore tnt, therefore normally rather isol the salivary ones can by 
ol both to explore, on the basis of what is 

Some o; e central nervous system, and to bring into 

Shi tder the changing active relationship between an organism and different aspects 
is, the development of ideas and method, the 
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e with psychologists who persist under one fupe o 
ays, and the excursion into psychiatry cover the remainder 


e more than welcome, M. VINCE. 


Psycholinguistic Papers. Proceedings of the Edinburgh Conference, 1966. Edited by J- 
Lyons and R. J. Wales. Edinburgh Univer. 


sity Press. 1966, Pp. 243. 425. 


prepared comments from 
invited guests. 


sion and i before the 
conference became history the editors have been most ethcient 8 duis 
Thorne's paper serves as an introduction to the w 
taken up by others later. ima and Bi 
language acquisition, provi 
The remaining two papers 
Wales and Marshall 
ments. In the main th 


a ipti tem an 
Tvable and ty as between descriptive sys 
memory capacit 
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stored is a form approximating the base structure. (The sentences John is easy to please 
and John is eager to please share a surface structure but differ in base structure.). Thus 
linguistic units in the base structure appear to be psychologically real, but rules mapping 
them into the surface structure may not be. The relationship between the competence 
model and the performance model is thus revealed by experiments to be an abstract one 
In concluding discussion Garrett reports a recent development by the MIT linguist Haj 
Ross which suggests that successive experiments will not necessarily show this abstractness 
to be extreme; Ross modified part of the grammar in a way that both incorporated some 
discrepant psychological results and elegantly tied up a separate set of inadequacies in the 
grammar. 

Fodor and Garrett's paper gave rise to the most stimulating discussant contribution of 
the conference. The philosopher L. J. Cohen proposed a new theory of the listener as 
distinct from the speaker based on the abandonment of any complete grammatical analysis 
as a performance model and giving greater importance to semantic variables. The 
conceptual complexity of this paper was rather high (although the sentences were short) 
and unfortunately the audience failed to appreciate it, virtually ignoring it in discussion. 
This nicely proved Cohen’s own point about the importance of the semantic component in 


the listener model. 
In short this book presents some lively and useful psychosyntactics and psycho- 
semantics. What, then, of psychopragmatics, psychophonology and psychophonetics ? 
advocates in the general discussion; they are 


These potential sub-disciplines had their h a 1 
bound eventually to benefit from the vogue for psychological studies of grammar, and in 
omitting such fields the conference did not misrepresent current research activity. The 


fact that the phonetic vowel chart in the jacket design is disarranged is presumably sheer 
artistic licence rather than a Freudian exclusion of the substance of language from the 
Mark P. HAGGARD. 


subject matter of linguistics. 


On Human Communication. By Colin Cherry. 2nd Edition. London and Cambridge, 


Mass.: M.LT. Press. 1966. Pp. xiv + 337. 80s. 

P A d C nication, first published in 1957 (and 
rofessor Cherry’s book On Human Commu of 10, rii) has n EQ. 
be termed a classic. Since then so 


Professor Cherry has preferred instea: x intact and to make only 
à few minor additions. The book will continue to be a useful, illuminating and lively 
reference for those entering the field, but psychologists who possess the first edition need 
not rush to exchange it for the second. ANNE TREISMAN. 


Psychological Principles Appropriate to Social and Clinical Problems. By John C. Raven. 
London: H. K. Lewis. 1966. Pp. xx 187. 258. 

It is not often we get a chance to see an eminent psychologist as naked and unashamed 
as Raven allows us to see him here. In a sense this is why I would not recommend the 
book to undergraduate students and other innocents as à basic introduction to the field of 
clinical psychology: such a reader would not be in a position eae t clinical 

is may be the brand image of clinical psychology for = 5 bué for arenak ptos 


Psychologist it is not the generic image of the craft. 1 [ 
Something of the Crichton B hool and for young clinical psychologists who may be getting 


prematurel i ways the book has a good deal to offer. The level of the offering 
1$ variable gemere: cie precepts are set out, at times hints of promising lines of 
development are given; appropriate bibliographical detail is sometimes given, sometimes 
Witheld. At times sceptically, at times innocently, the author questions what pen 
really get at. One gets a good view of the process of "comparative matching," and we 


; 5 les. i tions and time. 
are also given a good deal of metaphysics about ego boundaries, inten F TUE SIRE. 


— eh ne ee EO A CHOLOGY 
SS) a Se 


MEMBERS OF THE EXPERIMENTAL PSYCHOLOGY 
SOCIETY 


Honorary Member 
Sir Frederic BARTLETT, C.B.E., F.R.S., St. John's Colle: 


ge, Cambridge. 
Ordinary Members 


B. BaBiNGTON Surrg, O.B.E,, M.A., Institute of Experimental Psychology, 1 South 
Parks Road, Oxford, . 

A. D. Bappetey, Ph.D., Laboratory of Experimental Psychology, University of Sussex, 
Falmer, Brighton, Sussex. 


Professor P. BAKAN, PhD. Department of Psychology, 
Lansing, Michigan, U.S.A. 

Professor H. B. Barrow, M.D., M.B., B.Chir., University of California, School of 
Optometry, Berkeley 4, California, U.S.A. 

Mrs. E, BELBIN, Ph.D., 8 Lansdowne Road, Cambridge, 

A. J. Benson, M.B., Ch.B., R.A.F. Institute of Aviation Med 

Professor D. E. BERLYNE, Ph.D., Department of Psycholo 


Michigan State University, East 


icine, Farnborough, Hants. 
gy, University of Toronto, 


a 


Park, Denmark Hill, London S.E.5. 


Professor J, Brown, Ph.D., Department of P 


" 5 am 
errace, Newcastle upon Tyne 2. Sychology, The University, 7 Sydenh: 
Di J: Bruce, Ph.D 


xm Psychology, 1 South Parks Road, up 
F. Pe Villas, Station Road, Cambridge on Medical Applications of Psychology. 


Place, Cambridge » Ch.B., Ph.D, D.O.MS.,, Physiological Laboratory, Downing 
Ss - CANE, M.A, 14 Little St. Mary's T: i 

i tnt nto ; : Mary's Lane, Cambridge, 

Cambrian » B.Chir., Applied P. 


Sychology Research Unit, 15 Chaucer Road, 


Pte C.T., Australia. ” WemPuting Research Section’ P.O, Box 109, Canberra 
OLOQUHOUN, Ph.D., Appli 
Cambridge. mes Firtliclag 


Y Research Unit, 15 Chaucer Road, 
p Connotty, B.Se; Department 
D 


of P. d 
à Conran, Ph.D., Applied Psychology Reno o8y; The Univer 


8Y Research Unit, 


sity, Sheffield 1o. 
brid: Corcoran, Ph.D., Applied Psychol 


» 15 Chaucer Road, Cambridge. - 
ogy Research Unit, 15 Chaucer Road, Cam 


-D., Institute of Experimental pg. chol d, Oxford 
E E a Giaa ey Department tf Toriai? MM 
London, Wee » Department of Psycho! 


pm 


MEMBERS OF THE EXPERIMENTAL PSYCHOLOGY SOCIETY 285 


Miss A. CRAWFORD, Ph.D., Department of Psycholo, i i i 
in Ud y gy, The University, 7 Abercrombie 

Professor E. R. F. W. CrossMAn, Ph.D., Department of Industrial Engi: i iversi 
of California, Berkeley 4, California, U.S.A. EE ML 

S. Crown, Ph.D., 5 Northwick Avenue, Kenton, Middlesex. 

E e A. Dare, Ph.D., Department of Psychology, The University, Hull 

rofessor K. DANZIGER, D.Phil., Department of Psycholo; York Em itv. 

Street, Toronto r2, Canada. Es Universtiy, Miele 

R. Davis, D.Phil., Department of Psychology, The University, Reading, Berks. 

B. Detiste Burns, M.R.C.S., L.R.C.P. Division of Physiology and Pharmacolo, 
National Institute for Medical Research, Mill Hill, London, N.W.7. EN 

Professor J. A. DEUTSCH, D.Phil., Department of Psychology, University of California, 


San Diego, La Jolla, California, U.S.A. 
N. F. Dixow, Ph.D., Department of Psychology, University College, Gower Street, 


London, W.C.1. 
P. C. Dopwett, Ph.D., Department of Psychology, Queen's University, Kingston, 


Ontario, Canada. 

J. Drever, M.A., Principal, U 

Professor G. C. Drew, M.A., Depa 
Street, London, W.C.1. : : 

Professor J. T. Eayrs, D.Sc., Department of Neuro-endocrinology, Institute of Psychiatry, 
De Crespigny Park, Denmark Hill, London, S.E.5. } 

A. ErrrHonN, M.D., M.B., B.Chir., M.R.C.P., D.P.M., Royal Free Hospital, Lawn Road, 
Hampstead, London, N.W.3. A . 

G. Ri GER. Ph.D.; Thstiinte of Psychiatry, De Crespigny Park, Denmark Hill, London, 
S.E.5. 

Professor B. M. Foss, M.A., Institute of Education, Malet Street, London, W.C.r. 

Professor E. FRASER, Ph.D., Department of Psychology, The University, Aberdeen. 

J. L. Gzpvz, M.B., B.Chir., 1 Royston Road, Harston, Cambridge. — 

F. H. Georcs, Ph.D., Department of Psychology, The University, Bristol 8. 

K. Gispins, Ph.D., Department of Psychology, The University, 7 Sydenham Terrace, 


Newcastl T 2, Spem. ; 

C. B. rag BEY Tai Systems Laboratory, Division of Mechanical Engineering, 
Nationa s "arc il, Ottawa, Ontario, Cana a. ; 

Mrs. [x es, DEN: Psycholinguistics io Unit, Department of 
Ph i i ity College, Gower Street, Lon: on, W. NI. : 

G. W. cies a m neg of Psychology, 7 Kepier Terrace, Gilesgate, Durham. 


i i 1 Psychology, 1 South Parks Road, Oxford. 
J i Gnew Ph.D, -lnstitee® g: Ege E olo, The University, Manchester 13. 


ea CRGO, ee Peri íi Department of Machine Intelligence and Perception, 


niversity of Dundee, College Gate, Dundee, Scotland. 
rtment of Psychology, University College, Gower 


p i C.I., s 
of Canterbury, P.O. Box Tr CE f Poytholeiy Otago University, Dunedin, New 


Professor S. GrrEw, Ph.D., De 
Zealand. ing St 
: tory, Downing 
G. C. GRINDLEY, M.A., Peychological L5 P Neurological Unit, N 


A. M. HarLiDav, M.B., Ch.B., M. i ; 
M SR on, WC aboratory of Experimental Psychology, University of Sussex, 
M Hone ar em Applied Psychology Research Unit, 15 Chaucer Road, comunes 
R; 'D., 18 ] Crescent, Norwich. , . 
A. ix EX R BTR CP. Littlemore Hospital, pue 
Miss A. W. HEM, Eh. D. Psychological Laboratory, D g 
L. J. HERBERG M. B., B.Ch., D.Phil., Institute of Neurology, 
Mes; b Mr à iiu on Institute of Psychiatry, De Crespigny Park, Denmark Hill, 
. B. M. HerMELIN, Ph.D., 
London, S.E.5. , Bec ambridee, 
: i d, Trumpington, : : 
Ve ire M.D. MLB. 66 DEM Laryngology nl Ollos Royal National Hoi 
for ‘Throat, Nose and Ear, Grays Inn Road, Lon [o 


reet, Cambridge. 
ational Hospital, Queen 


more, nr. Oxford. 
Street, Cambridge. 
National Hospital, Queen 


286 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 
Professor R. A. Hinpe, D.Phil., Sub-Department of Animal Behaviour, High Street, 
Madingley, Cambridge. 


D. H. HorpiNG, Ph.D., Department of Psychology, The University, Gandy Street, 
Exeter. 


G. Horn, M.B., Ch.B., School of Anatomy, The University, Cambridge. 


N. Hororn, M.A., London School of Economics, Houghton Street, Aldwych, London, 
W.C.2, 


I. P. Howarp, Ph.D., Department of Psychology, York University, Keele Street, Toronto 
12, Canada. 


Professor C. I. HOWARTH, D.Phil., Department of Psychology, The University, Nottingham. 


TA M Howe, Ph.D., Department of Machine Intelligence and Perception, Bionics 
Y Research Laboratory, The University, Forrest Road, Edinburgh m. 


curology), Boston Veterans Administrative 
Hospital, 150 South Huntington Avenue, Boston, Massachusetts 02130, U.S.A. 


- Department of Psychology, Taylor Building, The University, 
Aberdeen. 


Professor I. M. L. Hunter, D.Phil., Department of Psychology, The University, Keele, 
Staffs. 


‘partment of Psychology, University of Tennessee, 


Miss H. IKEDA, Ph.D., Department of Expe: 
Ophthalmology, Judd Street, London, W.C.r, 


Social Psychiatry Research Unit, Llandough Hospital, Penarth, 


rimental Ophthalmology, Institute of 


A. R. JONCKHEERE, 
London, W.C.r. 


Mrs. M. O. KERR, B.A. 


d, 
LED ae » Royal Free Hospital, North Western Branch, Lawn Roa 
C. Et i CRAS, B.A., Department of Psychology Bir 


DS. T. Lanne, Ph, 


D., Psychologi 
D. LEGGE, Ph.D. D ychological Lab 
Mur. 


oratory, D i idge. 
epartment of Psychol uo oing Street, Cambridg 


ogy, University College, Gower Street, London, 
» £D.D., Depart 
EN a BSo on epa: tment of Psychology, 
N. B, Lovzrzss, Ph.D 
College, Dundee, 
Professor D. M. Mackay, Ph.D, 


N. J. S. M. MackrNTOsH, 
Road, Oxford. 


D 


, ondon, S.E.5. 

ROMS ME UM 88 Bulmershe Road, Read: 
z CK, Ph.D., E : 

Professor T. R wi, Department of Psychology, McGill Uni 


S, M.A, 
Wales, Bangor. M.A., Department of Psycho 


i ill, 
chiatry, De Crespigny Park, Denmark Hil 


h 


| MEMBERS OF THE EXPERIMENTAL PSYCHOLOGY SOCIETY 287 


Mrs. B. MILNER, Ph.D., Montreal Neurological Institute, 380r University Street, 
Montreal 2, Canada. 
N. Monav, Ph.D., Department of Psychology, The University, Sheffield 1o. 
J. Morton, Ph.D., Applied Psychology Research Unit, 15 Chaucer Road, Cambridge. 
G. H. Mownnav, Ph.D., Applied Physics Laboratory, Johns Hopkins University, Silver 
Spring, Maryland, U.S.A. - € 
N. Mnosovskv, Ph.D., Department of Psychology, University College, Gower Street, 
London, W.C.r. P 5 P 
W. R. A. Muntz, D.Phil., Laboratory of Experimental Psychology, University of Sussex, 
Falmer, Brighton, Sussex. : . = " 
D. J. Murray, Ph.D., Department of Psychology, Queen's University, Kingston, Ontario, 
Canada. $ y " 
L. J. Newson, Ph.D., Department of Psychology, The University, Nottingham. 
N. O'Connor, Ph.D., Social Psychiatry Unit, De Crespigny Park, Denmark Hill, London, 
S.E.5. s 
] R. C. OLDFIELD, M.A., M.R.C. Speech and Communication Research Unit, The University, 
Y 31 Buccleuch Place, Edinburgh 8. : n 
Professor I. Oswarp, M.D., M.B, B.Chir., Department of Psychological Medicine, 
University of Western Australia, Nedlands, Western Australia. 2 
J. M. Oxsury, Ph.D., Neurology Department, Churchill Hospital, Oxford. ; 
Miss M. PIcKERSGILL, Ph.D., Department of Psychology, Bedford College, Regent's Park, 
Lond SM, Í i 
Erofessae i rd Bomoi D.Litt., Ph.D., Department of Psychology, University of 
Glasgow, Glasgow, W.2. " 
M. F. Piercy, MA. Maida Vale Hospital for Nervous Diseases, 
W.9. 5 " z 
tol 8. 
I, PLEvpELL-PrARcE, Ph.D., Department of Psychology, The University, Bris i 
E. C. Pourrow, MB, B.Chir,, M.R.C.S., L.R.C.P., Applied Psychology Research Unit, 
_ 15 Chaucer Road, Cambridge. 
K. A. Pnoviws, Ph.D., Department o 


Australia. l | 
B.M. A. C Ph.D., Applied Psychology Research Unit, 15 Chaucer Road, Cam: 


bridge. A : 
Professor R. L. Rem, M.A., Psychological Laboratory, The University, Gandy Street, 
University, Hull. 


HE hology, The 
Miss H. E. Ross, Ph.D., Department of Psychology, Univesity caters Codd 
I. S. Russert, Ph.D. Department of Psychology, University College, Gower Street, 


Edgware Road, London, 


f Psychology, University of Adelaide, Adelaide, 


W. A. H. Rusuton, Ph.D., Sc.D., M.R.C.S., L.R.C.P., F.R. 


L " * A 
ES AC nta Ph.D., D.Sc., Department of Psychology, Indiana University, 
ee Indiaas Tt, P., MRCS. L.R.C.P., D.P.M., 


i C. 
M.D., M.B., B.Chir., M.R. . 
] , Bristol 2. 
v dem e the University, 60 The Pleasance, 


Professor D. RusseLL Davis, T 
Department of Mental Health, Bri 
- SEMEONOrr, Ph.D., Department of Psychology, 
Edinburgh 8. 
T: S RADIOS, Ph.D., Department of Psychology, 
L 5 = 
M. E aS EA Departinent of Paycholsey, den Tie r ret 
J à jap m RE os riw B Chir, M.R.C.P., D.P.M., nd Degertune 
of Ps dem Royal Edinburgh Hospital, Morningside park; eru Gai dy Street, 
A C Shanta Ph D., Department of Psychology, The Unt i 
, Exeter, í 
iss H. STEINBERG, Ph.D., Departmen 
Street, London, W.C.1. 
A. W. EG PhD., Department of Psychology, 
Gil i F : 
E C. |a eed M.A., Quest, Tieni, eden. RY of Alberta, Edmonton, 
. G. A. STRETCH, Ph.D., Departmen T 
eia poo B.Sc., Department of Psychology, Sirtbeoks Coles, Maple 
Street, London, W.C.1. 


University College, Gower Street, 


t of Pharmacology, University College, Gower 


The University, 7 Kepier Terrace, 


288 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Professor N. S. SUTHERLAND, D.Phil., Laboratory of Experimental Psychology, University 
of Sussex, Falmer, Brighton, Sussex. 

Professor J. R. Symons, Ph.D., Psychology Department, Kings College, Old Aberdeen. 

Professor J. Szarran, Ph.D., Department of Psychology, University of Southern 
California, University Park, Los Angeles, California 90007, U.S.A. 

Professor H. TAJFEL, M.A., Department of Psychology, The University, Bristol 8. 

D. H. TAYLOR, Ph.D., Psychology Department, The University, Southampton. 

Mrs. B. Tizanp, Ph.D., 83 Burbage Road, London, S.E.24. 


Mrs. A. TREISMAN, D.Phil., Institute of Experimental Psychology, 1 South Parks Road, 
Oxford. 


Professor M. TREISMAN, M.B., B.Ch., Department of Psychology, The University, Reading, 
Berks. 


Professor E. L. Trist, O.B.E., M.A., 
(Management Area), University of C. 

Professor A. M. UrrLEY, Ph.D., Labora 
Sussex, Falmer, Brighton, Sussex. 


Graduate School of Business Administration 
alifornia, Los Angeles, California 90024, U.S.A. 
tory of Experimental Psychology, University of 


Professor P. H. VeNABLES, Ph.D., Department of Psychol irkbeck College, Malet 
Street, London, W.C.1. PNET: Srt: E 

Professor M. D. Vernon, M.A., Sc.D., De artment of Psychol The University, 
Reading, Berks. » E25 OSV COOICEY: 


Miss M. A. Vince, M.A., Psychological Laborato: , Downing Street, Cambridge. 

D. M. Vowtes, D.Phil., Institute of Experiments] [e pi South Parks Road, 
Oxford. a 

G. K. WarLacz, Ph.D., Department of Ps 

P. B. Warr, Ph.D., Department of Psych 

Mrs. E. WARRINGTON, Ph.D., Ps 
Square, London, W.C.r. 

PY s ween Department of Psychology, University College, Gower Street, 

A. J. Watson, M.A., Psycholo, 

RIH, J. WATSON, Ph.D., De 

Hill Road, London, W.8. 

iss K. P. Warrs, Psychological Laborato Downi > 
Professor L. WEISKRANTz, Ph.D., Institute of Expelenal Pee South Parks 


ychology, The University, Reading, Berks. 
ology, The University, Sheffield 10. 
y chological Department, National Hospital, Queen 


gical Laboratory, Downin; i 
at g Street, Cambridge. 
partment of Nutrition, Queen Elizabeth College, Campden 


ychological Laborat i i 
T. C. D. WHITESIDE, M.B. ory, Downing Street, Cambridge. ici 
Farnborough, Hans. "^ D^ M-B., Ch.B, R.A.F. Institute of a Ee Medicine, 


M.A. 2 
London, W.C.r. » Department of Psychology, University College, Gower Street, 


D., hologi 5 
R. T. WILKINSON, Ph DAS xd Laboratory, Downi 
The Hon. Mrs, M 


OCCUPATIONAL PSYCHOLOGY 
Editor: ALEC RODGER 
APRIL and JULY 1967 VOLUME 41, No. 2 and 3 
CONTENTS 


Putting Psychology to Work. 
By A. B. CHERNS. 
Social Factors in Satisfaction with Swiftly Rotating Shifts. 
By A. I. I. WEDDERBURN. 
Industrial Training: 
Current Research and Future Needs. 
By ALEC MARTIN. 
Ministry{of Labour Occupational Guidance Units. 
By JOHN CRINNION. 
Occupational Difficulties and Distastes among Managers. 
By J. D. Pincus. 
Labour Turnover in Two Public Service Organisations, 
By SYLVIA Downs. 
A Study in Adult Retraining: 
'The Gas Man. 
By BERNARD Dopp. 


Annual Subscription 40 shillings, overseas 50 shillings 


NATIONAL INSTITUTE OF INDUSTRIAL PSYCHOLOGY 
14, WELBECK STREET, LONDON, W.l 


TELEPRINTERS - PERFORATORS 
REPERFORATORS - TAPE READERS 
EDITING AND COMPARATOR SETS 


2-5-6-7-8 TRACK EQUIPMENT 


BRITISH, AMERICAN AND OTHER MAKES OF PERIPHERAL 
EQUIPMENT - CODING AND RE-CODING TO ORDER 


Prompt delivery, personal service and attention 


W. BATEY AND COMPANY 


Gaiety Works, Akeman Street, Tring, Herts. 


Telephone: Tring 3476/8 Std: OHH 282 Telex: 82362 Ans. back: Batey Tring 


Cables: Rahno Tring 


REVUE CANADIENNE 
CANADIAN JOURNAL 
DE PSYCHOLOGIE 


OF PSYCHOLOGY 


VOLUME 41, No. 2 and 5 


APRIL/JULY 1967 


Discriminated learning and reversal in the wheel-turn avoidance 
situation: DOMINIC J. ZERBOLIO AND JAMES H. REYNIERSE 


Cued versus non-cued incidental recall of successive word associations: 
JOHN JUNG 


The possibility of influencing the other's behaviour and co-operation: 
chicken versus prisoner's dilemma: VELLO SERMAT 


A study of alternation of normal and distorted vision: JOAN E. FOLEY 
AND SHARON M. ABEL 


Affective meaning of reduced stimulus input: a study by means of the 
semantic differential: JURIS G. DRAGUNS 


Quantification of response suppression in conditioned anxiety training: 
J. R. MILLENSON AND DEREK P. HENDRY 


Transfer effects in whole/part free-recall learning: ENDEL TULVING AND 
SHIRLEY OSLER 


The role of speech responses in short-term memory: D. J. MURRAY 


Published for the Canadian Psychological Association by 
PUBLIÉ POUR LA SOCIÉTÉ CANADIENNE DE PSYCHOLOGIE PAR 
UNIVERSITY OF TORONTO PRESS 


THE CANADIAN JOURNAL OF PSYCHOLOGY is published bi- 
monthly. Annual subscriptions, $10.00, single number $2.00. in 

Contributions. Original manuscripts and correspondence ON editorial 
matters should be sent to: 


The Editor, Canadian Journal of Psychology, McMaster University, Hamilton, 
Ontario. 


_ Subscriptions to Journal. Orders and correspondence regarding subscrip- 
tions, changes of address, and purchase of back numbers s! 


hould be sent to: 
Canadian Psychological Association, 
The Secretary- Treasurer, 
Suite 210, 225 Lisgar Street, 
Ottawa 4, Ontario. 


l 


`, 


THE QUARTERLY JOURNAL OF 
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Vol. XIX 1967 | Part IV 


THE SUPPRESSION OF VISUALIZATION BY READING 


BY 
L. R. BROOKS 
Department of Psychology, McMaster University, Ontario 


Four experiments are described which demonstrate a conflict between reading verbal 
messages and imagining the spatial relations described by those messages. Listening to 
the same messages did not produce comparable interference with visualization. The con- 
flict between reading and visualizing was obtained even when the subject previously had 
Seen the referent of the message. In contrast, when the subject was induced to treat the 
Messages as rote strings of words instead of visualizing their referents, reading was a more 
effective means of presentation than was listening. ; 

Two interpretations of these results were proposed. (a) Visualization and reading 
Compete for the use of neural pathways specialized for visual perception. (b) The process 


of reading hinders the conversion of input material into any non-verbal form; that is, 


Teading forces the subject to deal with information in a more exclusively verbal form than 


does listening, It was suggested that regardless of interpretation this method provides a 
Means of investigating the internal processes underlying concrete verbal reference. 


INTRODUCTION 
Assume that one is given a verbal description of the layout of the streets in a town 
ther room. An immediate response to these 


9r the positions of furniture in ano to 
descriptions would probably be to imagine how the layout of those items might. look. 
repeat the description to someone else, 


ut D alled upon to act on this information or to ; ; 
It is likely that one would refer to his visualization of the information while respond- 


ing. Introspectively, at least, the notion that this type of internal representation 
involves the visual or visual-motor systems is a compelling one. Even if one does not 
experience visual images, the phrases “imagine what it would look like," and “‘visual- 
ize the relations” seem to describe some part of this mental process. 4 
The hypothesis that this type of internal representation involves the visual 
System has been persistent in psychology. The early associationist and introspective 


PSychologists assigned an important role in thinking to visual images, which were 


Considered to be at least a partial revival of the immediate effects of visual perception. 


ince the ascendance of behavioural methods, numerous psychologists have searched 
for Objective indices which implicated the visual and visual-motor systems in visual 
Imagery, Eye movements, for example, have been correlated with thinking about 


visual tasks (De s dD +, 1962). Studies of this type have been 
ckert, 1964; Lorens and Darrow, 962). ` 1 
wllected di set in m context of the peripheralist-centralist controversy by 


McGui i hei rtance of orientation movements 
gan (1966). Arguments supporting the impor c f 
wich as eye Er covert representations of information have been presented 


^ by Bert 
ES T yne (1965). — í performance measures rather than EEG or 
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Before describing this approach, the model implicit in the opening paragraph will be 
made more explicit. A subject is presented with a verbal message which describes a 
set of spatial relations. Concurrent with Teceiving the message, he generates an 


systems. If the subject is Tequired to repeat or act on the message, the internal 
representation is again generated and Serves as one determiner of output. The visual 
or visual-motor systems are thus partially occupied during both input of the message 
and output tasks which use the information in the message. 


If the verbal message itself were written, then the subject would be required to use 


€ shown that there is not some peculiarity 


formance after listening with this nonsen: 


Method 


Material. Figure 1 shows an ex message, the matrix which it describes 
t first sentence of each spatial message was 
uare in the four-by-four matrix was always designate 
bers were always the digits one to eight and were always 
iets am The only way in which spatial eed 
f d "P, down, right, left) from to another. 
svar a manage an frd e dierent dium ete aar to another, 
y 7 Igit was neve. i : e 
for practice were reduced to only the first four E outside thematrix. Messages us 
m the ial A i ords 
right, left, up, down, with the words quick, gy m e Ede doe was 
à > nd 
which involves strin f pol i i n length and form of presentation, à 
8s of polar opposites with the sam i i However, 
ior the present experiment (but not for Experiment Ewas aential restraints. 


2), itwa i duce another 
two types of material. Pilot ub jeep necessary Kus 


E rf orly with the 
‘sense messages that differentiating th Pecormed.so poorly 


à HS d 
€ presentation conditions woul 


Consequently, only five sentences were used in each nonsense | 
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FIGURE 1 


A sample of the experimental material. 


Nonsense material 


In the starting square put a r. 

In the next square to the quick put a 2. 
In the next square to the good put a 3. 
In the next square to the quick put a 4. 
In the next square to the bad put a 5. 
In the next square to the bad put a 6. 
In the next square to the s/ow put a 7. 
In the next square to the bad put an 8. 


Spatial material 


m tha starting square put a 1. 

in € next square to the right put a 2. 
^ Eus next square up put a 3. 

In thy B6Xt square to the right put a 4. 

In Es next square down put a 5. 

In kis next square down put a 6. 

n bs next square to the /eft put a 7. 

© next square down put an 8. 


nee: The spatial messages could not also be reduced to five sentences without both 
i minating the need to visualize and resulting in so few errors that once again the presenta- 
9n conditions could not be differentiated. 
- estgn. The two types of material, spatial and nonsense, were each presented in two 
( ays: (1) Listening (L) the message (set of sentences) was played from a tape recorder. 
2) Listening and reading (LR) a series of 3 x 5 index cards, each with one sentence of the 
inessage typed on it, were presented concurrently with thetape. The listening and read- 
§ condition was chosen over a reading alone condition so that differences in performance 
Could be attributed to the presence of absence of the visual presentation and not to the 
Présence or absence of the auditory presentation. Inaddition, the LR condition minimized 
i © effect of individual differences in reading speed. Subjects reported a strong tendency 
9 read each word in time with the auditory presentation, which tended to insure that even 
€ fast readers did not have time to glance away from the card before the presentation of 
e next sentence, 
5 For each of the experimental conditions, the task was simply to repeat the message 
erbatim, Each condition was given two times to each subject. The spatial and the 
Nonsense trials were run in separate blocks; the material in each block was presented in one 
Of the following sequences: L, LR, LR, L or LR, L, L, LR. Both the order of blocks of 
Material and the order of types of presentation within these blocks were counterbalanced 


across subjects, 
, n summary, the experimental design was two-by-two within-subjects, one variable 
being Spatial or dee material, and the other variable being listening (L) or listening 


"5 reading (LR) presentation 

ubjects. Oe ee were eight summer school students who were serving to fulfil 

Course requirement in introductory psychology. Subjects were tested individually. 
řocedure. For the initial practice period, each subject was shown a diagram similar 
d at in Figure x, and listened to the message that went with it. He was told that he 
ac uld be asked to either read or listen to a set of similar messages which would not be 
o ompanied by a diagram, and that immediately after each message was presented he was 
i Tepeat it word for word. He was then given a practice series of four, four-sentence 
Patia] Messages without visual matrices; two of these messages presented by listening and 
oe by listening and reading. This practice block was sufficient to encompass most of the 
tice large practice effect which occurs with this material At the conclusion of the prac- 
€ block, the subject was given either the block of spatial trials or the block of nonsense 
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trials. The block of nonsense trials was preceded by the information that EE 
less adjectives were going to be substituted into the sentences but that the task w: bem 
to repeat the message verbatim. He was given two, four-sentence nonsense messagi 
ractice and then the block of nonsense trials. . f , 

x The subjects were asked to be sure to keep their eyes on the cards during che er 
trials and were reminded of this on the infrequent occasions that they glanced ea dese 
messages in all conditions were presented at the rate of approximately one sen ds 
1:5 sec. No specific knowledge of results was given, although all subjects were perio y 
encouraged about their performance. 


Results 


The subjects uniformly reported that they performed the spatial task by “ pict 
the pattern formed by the numbers,” and then "reading from the pattern e 
repeating the message. The nonsense task was reported to have been performed by 


trying to retain the sequence of adjectives alone, and then, in output, reinserting them 
into the grammatical context. 


TABLE I 
AVERAGE ERRORS PER MESSAGE 


Spatial material Nonsense material 
Listening r2 2:3 
Listening and reading 2:8 1:3 


The average errors out of seven 
for the nonsense conditions are 
variance showed the material b 


(E (1, 7) = 6:67) but neither of the main effects significant (material F (n7) «r9 


. Seven of the eight subjects made more errors after 
han listening to them. Seven of the eight subjects 


rferes with the generation 
a The performance with the non- 
sense material indicates that this effect is not due to some feature of presentation 
which made reading inherently more difficult. 


EXPERIMENT 2 
The purpose of this experiment was to demonstrate the conflict between reading 
and visualizing during output instead of input as in Experiment r. Subjects learned 
a message to a criterion o 


f one verbatim re etition. They th sked either to 
say the key words of the Message ( i tie siii 


the spatial relations themselves) or to underline 
those same key words on a multiple 


This was designed to co 


involved in underlining take more 


> 
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Method 

Design. The same two types of material were used, with the modification that each of 
the nonsense as well as each of the spatial messages consisted of eight sentences. Each 
message was taught to a criterion of one verbatim repetition in order to obtain differences 
in output that were not due to different levels of acquisition of the two types of material. 

After criterion was reached on a given message, the subject was requested to give one 
of two types of output (1) spoken: the key words alone were spoken by the subject (right, 
up, right, down, down, etc.; or, quick, good, quick, bad, bad, etc.). (2) underlining: a 
sheet of paper was uncovered in front of the subject on which each of the sentences in the 
messages was typed, one under the other with a double typewriter space between. All 
of the four possible key words were bracketted within each sentence. The subject’s task 
Was to proceed down the page, underlining the appropriate word in each sentence—much 
in the manner of taking a multiple-choice test. 

Each of the four conditions were given twice to allsubjects. One trial was run on each 
of the conditions before the second trial in any condition was administered. The sequence 
In which the four conditions were run was counterbalanced across subjects. In summary, 
the experimental design was two-by-two within-subjects, with one factor being spatial or 
nonsense material and the other factor being underlining or spoken output. 

Subjects. The subjects were eight first-year university students, who were partici- 
pating to fulfil a course requirement in introductory psychology. 

Procedure. Each subject was introduced to the material in the same way as in the 
Previous experiment. He then was given two practice trials, one with a spatial message 
and one with a nonsense message, and was asked to give both types of output for each 
Message. The instructions for the mode of output required on a particular trial was given 
by saying either “spoken” or "written" within 5 sec. after informing the subject that he 
had repeated the message correctly in acquisition. The initial response times and the 
Inter-response times were recorded on a Gerbrands event recorder, driven at 1 cm./sec., 
by depressing a telegraph key each time the subject either said or marked a key word. — 

To facilitate original acquisition all messages were presented at a slower rate than in 
the Previous experiment: approximately one sentence per 2:5 Sec. rather than one per 
U'5Sec. Asin the first experiment, no specific knowledge of results was given regarding 


Output performance. 


Results 

Seven of the eight subjects reported that they "pictured the pattern" described 
by the spatial material, and that they referred to this pattern during output. All 
Subjects reported that they learned the nonsense material by noticing sequential 
Patterns in the key words, and that at output these patterns of words “just came." 

The average number of trials to acquisition of each message was r2 for the spatial 
Material, and 2-0 for the nonsense material. Seven of the eight subjects made more 
errors on the nonsense material than on the spatial material, and the eighth subject 
Made the same number on each type of material. The subjects claimed that being 
able to figure out a spatial pattern for the spatial material helped considerably in 
Acquisition, 

TABLE II 
AVERAGE PERFORMANCE TIME IN SECONDS 


s OO a 


Spatial material Nonsense material 


Speaking 76 8-0 
Underlining 15:5 nds 


__ The average total output time per message is shown in Table II. A two-by-two 
Within-subjects analysis of variance on these times showed the main effect due to 


type of output significant with a probability of less than oor (F (1, 7) = 14:51) and 


V F OGY 
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ial signi i bability of less than 0-05 
i i tput and material significant with a probal uen 
mo “The main effect due to material was not € es S 39) 
re enc oa i differed for the two typ . 
tive difficulty of the written output i wi 
EU dope was made that the subjects glanced away Tom E ; 
occasionally during underlining of the spatial material. When this ice. neas 
i j lained the glancing away as “ge I 
after the experiment, the subjects exp cep eem enl iar loon ce 
" It seemed that this phenomenon could e demo t 3 PE ich 
es e sienne times sequentially through a trial and looking for a m proe 
wd indicate that the subject had glanced away. However, Fore ien 
response time during which a subject glanced away was so animus a oues s 
curve was essentially flat for inter-response times three through six. ne di 
proach to measuring the phenomenon is to look for skewness in the distri WE 
inter-response times on each trial. If there are in fact one or two abnormally 


5 statistic should show the effect. The statistic 


hat they solved the conflict by taking eleva 
long pauses during the output. This conflict is not inherent to the underlining mo! e 
of output as is shown by the lack of similar effect for the output of the nonsen 
material. 


Experiments 1 and 2 together support the conclusion that, for this situation, read 
ing suppresses spatial organization. 
the subjects indicate a conflict b 
by the spatial messages. Two interpretatio, : 
interpretation, Specific visual involvement, is that which was mentioned in the intro- 
duction: namely, that both reading and 
tions utilize some 


; Of the conflict between reading and spatial 
organization rests on the assumption that both reading and spatial organization are 
ich they were contrasted in these n 
ments: namely, listening and Sequential organization. The subject attempts to trea 
reading and visualizin i i 


EXPERIMENT 3 
Two considerations influenced the design of this experiment. (a) The plausibility 
of the general overload explanation would be weakened if it could be shown that a 
Conflict still existed after the subject ha 


to overload should disappear. (b) T 
i een reading and the spatial task n 
than by the material itself (or, more 


———— 
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precisely, by the immediate semantic response to the spatial words). Substance 
could be added to this argument if the conflict were eliminated when the subjects 
treated the spatial messages as a sequence of words rather than as a description to be 
visualized. 

The design of Experiment 3 is as follows. The initial, spoken presentation of each 
message is accompanied by one of two displays; either a matrix showing the numbers 
in the appropriate squares, or a written listing of the key words alone (right, up, right, 
down,etc.. After each of these initial displays, the verbal message alone is presented 
either by listening, or by listening and reading, as in Experiment I. When the 
subject treats the message as describing a matrix, then reading should interfere with 
the visualization and thus slightly delay the subsequent repetition of the message. 
However, when the subject treats the message as a sequence of words, then reading 
should have a slightly facilitating effect, as it did with the nonsense material in 


Experiment r. 


Method 


Design. The spatial material fr 
Presentation and output were the same as 


om Experiment 1 was used, and all details of the verbal 
for the spatial Men e Uu dp is z, aoe 
ever, prior to the L or LR presentation of the message, each subject was given an L, pre- 
sentation of the same ends together with either (a) a5in. x 8 in. card on which was 
rawn a four-by-four matrix containing the numbers in the locations described by the 
message, or (b) a 5 in. x 8 in. card on which each of the seven key words (directions 
describing the transitions from one number to another) were typed in vertical sequence. 
us, on each trial there was a ''set presentation" (matrix or word sequence), alowed by 
a “verbal presentation” (listening or listening and reading, as defined in the first experi- 
ment), followed by a verbatim repetition of the verbal message by the subject. E 
, Each of the four conditions were given two times to each subject. One tial w Hs run 
With each of the conditions before the second trial in any condition was a tnr no 
e sequence in which the four conditions were run was connterha aqui e su Jeeta 
n summary, the experimental design was two-by-two within-subjects, wit S EM e 
being matrix or word sequence as the set presentation and the other variable being L or 


verbal presentation. "m F RETE 
Subjects. The subjects were eight first-year university students, who were participating 


to fulfil a cou i in introduct sychology. $ 

rse requirement in introductory psy DEP, , 
Procedure, Each student was introduced to phen ce cosine tege m 

Previous experiment. He was then shown the two types of miti sent 

told that it w h i t that he deal with the materials in the manner 
as of the utmost importance he eia 

that the were gi i sord sequence condition he was not to try 

] e . That is, for the word sequenc à 
Picture z^ referent of the words, but rather to deal with them as if Le eria Dee 
arbitrary verba] sequence. He was then given two practice trials on each o yp 


Practice trials using the word sequence he was 
35 rapidly as possible. On all subsequent trials, he wa 
Tepetition, 


s asked to give only the verbatim 


Results 


The average time to give a verbatim repetition of the message is given in Table 


UI for each of the experimental conditions. The anticipated result was pera ze 
Put after reading (LR) took longer than output after listening (L), but m Y w] E le 
Subject was asked to visualize the matrix described by the Gem ae y-two 
factorial within-subjects analysis of variance on the average times for each subject 
Or each condition showed the main effect due to set presentation significant with a 
Probability less than o-or (F (1, 7) = 15°72) and the interaction of verbal presentation 
and set presentation significant with a probability less than 0-05 (F (1, 7) = 6-12). 

he main effect due to verbal presentation was not significant (F (1, 7) = 1-23). 
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The simple effect of L vs. LR was tested for both levels of the set presentation and 
found to be significant at 0-05 for both levels. 


TABLE III 
AVERAGE PERFORMANCE TIME IN SECONDS 


Matrix Word sequence 
Listening 12:5 22:5 
Listening and reading I4:0 17°5 


„The average number of errors per repetition was not as useful in this experiment 
as it was in Experiment x, since five of the eight subjects made no errors after a matrix 
presentation. However, the error data for the sequence presentation are consistent 
with the time data given above: six subjects in this condition showed more errors 
after L than LR verbal presentation, one subject showed no errors in either, and the 
final subject reversed the trend by making one error after LR and none after L. The 
ceiling effect evident in these data is presumably due to having two presentations of 
each message (one set presentation and one verbal presentation) prior to the verbatim 
repetition, as well as the additional visual display during the set presentation. 

This result for the time data and the tendency in the same direction for the error 
data demonstrate that the reading conflict can be varied by setting the subjects to 


treat the same verbal material in two different w iti i 
e ve ays. I trates 
that the conflict is not limited to d Dir dei aly 


a situation in whi i the 
referent of the verbal message. ich the subject has to deduce 
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Method 


Design. There were three phases to each trial: acquisition, error message presentation, 
and judgement. One acquisition condition was identical to the matrix condition of the 
last experiment ; the subjects were shown the relevant matrix while they listened to a 
spatial message. In the other acquisition condition, the “word sequence” condition, the 
subject listened to a rapid presentation of the key words of a spatial message. Since it 
was important for interpretation of the error detection data that the subjects have the 
message fluently, they were given presentations until they could repeat the material with- 
out hesitation. i 
,. Each error message consisted of three words and was either spoken or typewritten. 
To generate an error message, a sequence of three successive key words (spatial relations) 
were taken from anywhere in the message except the initial three. On 50 per cent. of the 
messages an error was introduced by changing one of the words to its polar opposite (right 
to left, up to down, and vice versa). The resulting error is “plausible” in the sense that 
it would not describe a matrix in which two numbers were assigned to the same square (as 
Would happen, for example, with the sequence “right, left”). A seemingly more straight- 
forward way of running an error detection experiment would be to simply repeat the whole 
message with or without an error in it. However, when the experiment is performed in 
this manner the subjects simply generate the sequence of key words in slight anticipation 
of each word in the error presentation and are thus able to detect the error immediately 
and virtually without mistakes. By taking three key words from anywhere in the message, 
the subject is forced to receive the three words and then search the internal representation. 

his process forces a measurable delay prior to the subject giving his judgement. ; 

In summary, the experimental design was two-by-two within-subjects, with one vari- 
able being matrix or word sequence initial presentation and the other variable being written 
Or Spoken error message presentation. T 

Subjects. The subjects were eight first-year university students, who were participating 
to fulfil a course requirement in introductory psychology. — , k 

Procedure. Each subject was introduced to the material in the same way as in the 
previous experiment. He was then shown a series of error messages while the demonstra- 
tion matrix was still present. A total of six trials were given in the matrix presentation 
condition, After each of these six messages were learned a total of four error messages 
Were presented in random order for judgement; correct written, correct spoken, incorrect 
Written, incorrect spoken. The first two of these trials were treated as practice trials and 
the final four were used for data. Subjects were then given an identical six trials with the 


word seque : we 
equence presentation condition. , OE 

As in the previous experiment subjects were cautioned to treat the material acl is 

manner given; that is, not to visualize the word sequence material. Whenever a = ‘oa 

Made an incorrect judgement on an error message, he was told that he was incorrect ant 


was asked to cl i Bef each error message Was presented, the 
; heck the message again. efore ea 1 g s , 

Subject was told toron over A eas or sequence to himself, and then to give a signal 
that he Was ready. If the subject indicated that he was uncertain about the matrix or 


Se " "y . 
quence he was given another acquisition trial. 


Results 


The average time from the beginning of a presentation of an error message until 


ine Subject’s response is shown for each experimental condition in Table IV. As was 
anticipated, when the material was visualized, time to give judgement was longer 
With a written error message than with spoken. The same 1s not true when the 
Material was retained as a verbal sequence. A two-by-two within-subjects analysis 


TABLE IV 


AVERAGE JUDGEMENT TIME IN SECONDS 


Word sequence 
ee - 
3'4 

31 


Matrix 


Listening 44 
Reading 5:0 
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of variance on the average judgement time per subject per condition showed a oed 
ficant effect due to material (F (1,7) = 17:44) and material by oe rm 2 
action (F (1, 7) = 7:13) but not presentation (F < 1:0). Both of e pn 
due to presentation were significant. Six of the eight subjects showed fas E J = 
ment times after listening than after reading when the material was visualized; sı 
subjects showed the reverse effect for rote verbal retention. : w-— 

This experiment shows that reading during the course of output hinders ar iol 
tion of material that had previously been learned. Unlike Experiment 2, t - p 
trasting output condition entails listening rather than merely speaking from meri x 
Thus, the effect cannot be due to merely the necessity of taking in any aire m 
the course of performance. This experiment also shows, as did Experiment 3, T 
the reading-visualizing conflict can be obtained even when the material being visu 
ized had been seen previously. 


GENERAL DISCUSSION 


These experiments demonstrate that in this situation reading competes pon s 
internal representation of spatial information. Both the performance data = be 
reports of the subjects indicate a conflict between reading and imagining the matri z 
described by the verbal messages. The effect can be obtained when the messag t 
describe either matrices with which the subject is unfamiliar or matrices the eie 
has learned or seen previously. The effect can be abolished by inducing the subjec 
to treat the messages as rote sequences of words. D 

At the present time the most persuasive interpretation of this reading-visualizatio 
conflict is that the internal representation of spatial material use mechanisms special- 
ized for visual perception. However, it is clear that this interpretation is tentative 
It could easily be true that the important thing about the visualization carried out 17 
the present experiment is not its sensory modality but rather that it is organized quite 
differently from the verbal message itself. That is, it is possible that reading intel 
feres with re-organization of the information from the form given in perception, 

regardless of what the referent is. Evidence which would select between this inter- 
pretation and the specific visual involvement hypothesis could be obtained in a situa- 
tion in which the same verbal message described characteristics of two different 
referents, one of which is spatially organized and the other of which is not. If the 
relative efficacy of reading and listening changed with the referent then one wou 
have a strong argument that the basis of the reading conflict was more specific than 
simply re-organization from perception. 

Regardless of interpretation, the subjects in these experiments did report that they 
“pictured” the patterns described by the messages. However, when they were 


presented with a list of features that they would have seen if they had actually 
inspected a matrix (e.g. outline of the four-by- 


cted a 1 : four matrix, lines between the squares: 
the digit br inte at the moment, other digits than the one being described at 
the moment), they ascribed to "seeing" anything in only the most gingerly fashion- 
All of the subjects except one 3 EIU 


: t . asserted with some conviction that the non-verbal 
portion of their representation of the information was important to their performance, 


but only two subjects reported anything which would correspond to a clear image. 
These two subjects were indistinguishable from the others in speed and accuracy of 
performance, as was expected from many previous findings on both sensory an 

thought imagery (Fernald, 1912; review in Oswald, 1962). This result, however, 
should not be interpreted as indicating that internal representation of visual proper- 
ties is either entirely verbal or unrelated to the visual system. The 23 subjects wag 
teported picturing the matrix maintained that this activity was not just verbal and 
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did not back down from this position (although some were in an evident quandary) 
after they denied actually "seeing" many of the details which would be obvious in 
vision. 

If one accepted the subjects’ reports that the way in which they dealt with the 
matrices was “visual,” this still would not be sufficient to establish that visualization 
used specifically the visual system. The phenomenal property "visual" could be 
more a result of the subjects' knowledge of what is being described than a result of 
the part of the nervous system involved in the internal representation. The basic 
device in this paper for establishing the type of processing is still the conflict with 
other visual stimulation. 

This suggests a final point. If the specific visual involvement interpretation is in 
fact applicable, it should be possible to show that attending to azy visual stimulus 
hinders concurrent visualization. There are two reasons why this research used 
Written descriptive passages instead of other types of visual stimuli to provide inter- 
ference for visualization. (x) If the stimulus being used for interference were irrele- 
vant to the information being visualized, then it would be likely that an attentional 
limitation would be met which would force the subject to attend to either the stimulus 
or the visualization but not both (that is, he would be unable to “think of two things 
at once”), This would not be bothersome except that the same limitation would 
Probably be met regardless of the modality in which the interfering stimulus were 
delivered. This situation thus would be inappropriate for demonstrating that 
visualizing was a specifically visual function. (2) One of the most interesting possi- 
bilities suggested by the reading conflict is the investigation of the relations between 
verbal and non-verbal components of internal representation. If reading suppresses 
Some types of visually-mediated organizations, then one has a technique for moment- 
arily changing the relative availability of the verbal and the visualized components 
of the same thinking process. Using this technique, one could evaluate the subj ect’s 
relative dependence on verbal and non-verbal components of thought in various 
Operations on different types of material This type of evidence could form an 
interesting attack on the psychological problem of concrete verbal reference. 
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SOME RELEVANT FACTORS IN THE TRANSFER OF 
MATERIAL FROM SHORT-TERM TO LONG-TERM 
MEMORY 
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r 

The relationship between short-term memory (STM) and long-term memory Dm oed 
digits was investigated by means of a Hebb-type experiment, viz.a presentation à ob 
of nine-digit numbers, in which a certain number recurs at intervals. Improv me ie 
performance, with regard to the critical, or recurring, number was found w * be 
rehearsal grouping was three-three-and-three, but was absent when there were no UM 
tunities for rehearsal or when the rehearsal strategy was grouping five-and-four or s 
ing for systematic numbers. 

However, if an overt recall res 
was presented, im! 
four. 

The conclusion was dr: 
STM to LTM, with the oc 


1 i ber 
ponse was given on each occasion the Tee TOE DE ande 
proved performance was found even with rehearsal strategy five 


" P ; i om 
awn that rehearsal is the main transferring mechanism fr 
currence of an overt recall response as a subsidiary factor. 


INTRODUCTION 

The point of departure for the experiments in this report is the two-mechanism 
theory of memory by Hebb (1949), and Hebb’s 

mental attempts at testing the theory by testing 


nine-digit number improved when this number recurred at intervals in a series O 
other such numbers. They did not find any 


Support for the concept of an activity 
trace which leaves no permanent trace in the CN. 


NS, and Melton concluded that perhaps 
all percepts leave structural traces in the CNS. 


obtain improvement in 
last phase of the memo: 


formance. The rehearsal variable h 
one of the main criticisms against d Y is the failure of decay theorists to 
control or manipulate rehearsal (Pos 


- As à consequence, the view of the 


ermental support from e.g. Brown (1958) and 

would appear to agree with Brown. 

posite result are Sanders (1961), who has found 
This non-agreement may possibly be due to the 


1960). Broadbent (1958) 
porting the op 
S of rehearsal. 
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ial than the other workers. Sanders’s 
cidental learning, where frequency of 
»und to be an important variable in 
1962, 1964). 

ment in the question of the role of 
m mentioned when STM is defined. 
size the same factors in their opera- 
e stimulus sequence and recall within 
Mackworth, 1964; Melton, 19634). 
noted that some subjects reported 
ental session was to find an effective 
that rehearsal in threes is optimal, 
lus sequence is nine. It was there- 
tematically in order to find out how 
of rehearsal in producing improve- 
e-digit number. 

yrted here was to study the effect of 
improvement in performance. 


I 


ved only during presentation, in the 
id after presentation and in the third 
ntation with an overt recall response 
earsal strategies were used: grouping 
ct of both strategies was measured 
ynd strategy was investigated under 


1 
and Johansson, 1967). A series of 21 
corder. The rate of presentation was 
umber. After each presentation there 
gave his response, if required. In the 
uncements of the form ''that was the 
een the numbers when no response was 


er-number interval was empty. 
erval was empty regardless of whether 


r (the critical number) recurred at the 
series. The total series of 21 numbers 
7 numbers, and a test series comprising 

ed five times in the pre-test series and 
val between the pre-test and the test 


" experimental condition only in that 
jsition 20. The 3rd, 6th, oth, 12th and 
random numbers, so that no number 
rt from this the series of numbers used 


raining college served as subjects, thus 
been large, most subjects being in the 


M C GY 
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The rehearsal instructions 


i y first three 
T jects were instructed to listen carefully to the de 
eee en nee, suu, od then concentrate P os second she. o X 
: hem silently and a 5e 
they were played back, they were to repeat t zem bes db de qr 
ree if possible. Then they were to concen l t T 
Rp aber cubes the digits silently or aloud depending on the instructions, 
inki mber if no response was required. Š ist 
A Se stan E The Eee wore instructed to listen € € eu 
five digits, repeat all five silently, and then concentrate on the last ee cu m 
umber had been presented, their next action depended on the instru m i edere 
n The rehearsal instructions were supplemented with the information t : peche ri 
method was of importance for the outcome of the experiment, and mn» i 
utmost importance that the subjects should keep to the required metho ee 
All instructions ended with the experimenter encouraging the subjects i dee a xau 
always on the whole nine-digit number and try to report nine digits with paced T 
response was to be given, thus avoiding the confounding effects found un ete 
conditions in the authors' former report, where the subjects concentrated on erg EE 
only one or two of the digits. When a written response was required, the a A 
instructed to write down the digits in the same order as they had been presented. 


Condition A 


: nses 
The subjects were tested individually under this condition and their recall respo! 
were given verbally. 

This condition is a Tepeat of a condition 
subjects were instructed to listen to, 


EE 
he numbers not requiring a recall response. TS 
ubjects that they were to reproduce all the nu 
which were to follow. to be 

The responses made to the critical number in the pre-test series, were assumed ae 
only in the form of rehearsal during presentation. Attempts at rehearsal after pe i 
e instructions, in which the subjects were told t 


st 
: ecall response was not given they could simply forget the number and re 
during the r1-sec. interval. And secondly, there w 


ter 
vere inter-number announcements aft 
) recall response which could be expected to interfere wit 
post-presentation attempts at rehearsal. 


M se 
f ^ With two groups of Subjects, one being instructed to reheat’ 
in threes (A4,,) during presentation and the other five-and-four (A sa): 


Condition B 


: Ad ir 
This condition was run as a group experiment with the subjects writing down the 
recall responses. 
The subjects were instructed 


> Sul to listen to each 
memorize it. In the Pre-test seri 


: e 
lon was run with two Broups of subjects, one being instructed to rehears 
ng presentation (Bazs) and the other five-and-four (Bsa). 
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Condition C 

The subjects were tested individually under this condition and their recall responses 
were given verbally. 

This condition is a repetition of one of the conditions in the authors’ Previous investiga- 
tion. Under that condition the subjects were to repeat aloud all the numbers in the pre- 
test series and the test series. Since improvement in performance was found under this 
condition it was taken for granted that rehearsal in threes would give a significant improve- 
ment in performance. Therefore only the instruction to rehearse five-and-four was 
Investigated. The 40-sec. pause between pre-test and test series was filled with the 
experimenter chatting with the subject. 

Under this condition (C54) the subjects were assumed to rehearse each number during 
Presentation and to give an overt recall response immediately after presentation. 


Scoring 


In the previous investigation, responses were scored by counting the number of digits 
Correctly reported in order, up to the point of the first error made (after Hebb, 1961). In 
the present study, the counting was done both forwards from the beginning of the response 
and backwards from the end of it, this method having the advantage of reducing and 
normalizing the variance. This revision of the scoring method does not give rise to any 
changes in the results obtained in the previous investigation. f ] 

One method of measuring the effect of the experimental treatment is that of comparing 
the mean score of the critical number in the 2oth position in an experimental group with 
the score on the corresponding number in a control group. In this case the effect may be 
Obscured by large individual differences in memory span. — o $ 

One method of overcoming this is to make the comparison within each subject in an 
experimental group, in order to see whether performance on the critical number in position 
20 differed from that on surrounding numbers, viz. those in positions 19 and 21. If his 
Performance is better on the critical number then it can be concluded that this is due either 
to the recurrence of the number five times before in the series, or else to the critical number 

eing easier nding numbers. . . 
Five rx iua N = 96) were run, corresponding to imm ke groups A,,, 
Bs, By (of Exp. I), D and E (of Exp. II). The differences between the mean score on 
€ critical number and that on the surrounding numbers ranged from mde 2 gud: 
n No case did this difference come anywhere near significance (the highest o ime : cà ue 
Was 1*04), so it can be concluded that the critical number did not differ in a om mor- 
ability from the surrounding numbers in this experimental situation. GRE ore eu 
differences between the critical number and its surrounding numbers with an E ape a 
group can be attributed to the occurrence i gun uo. de ed debts 5 
€ series, i uivocal results obtained wi € «eon 
above, it A ALIAE pee ies to run the controls corresponding E. bw leq 
conditions A334 and Csa since the same series of numbers was used under all condi ons). 


It should be noted that the method of giving the recall response (verbally or i venting) 
1$ not a variable in this type of experiment. This can be seen m onde) win d 
Score for numbers 19, 20 and 21 for control condition Aș, (verba ed 

95e numbers for control B, (written response), 5:07 and 4:86 respectively. 


ipa Pio e ill take place or not seems to 
Whether signi improvement in performance will take plac 1 

€pend on d pem rehearsal and amount of rehearsal in the n buc 
n conditions A and B, where there was rehearsal during presentation o n cu - 
learsa] during presentation together with one silent rehearsal after acm a EA 
respectively, a significant improvement in performance is found x y Ce e 
Tehearsal strategy was grouping in threes. However, when the To S pro oe an 
eg recall response to every stimulus sequence, an improved performance was found 
Ven wi i -and-four. 
. The ES n desee supporting the theory that — transfers a 
Stimulus item from a short-term store to a more permanent one. s regards the con- 
nection between rehearsal strategy and improved performance, the following explana- 
tion is Proposed. Firstly, it is assumed that ifimprovement in performance is to take 
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TABLE I 


G: M D: A RAGE OF THE 
M E S THE AVERA 
V N RITICAL NUMBER AND S 
ROUP MEAN DIFFERENCE BETWEEN THE C. E ENT AST E SER 
VE MA NUMBERS [20 = (19 + 21)/2], AND THE ean = ) ER OF DIGIT: 
CORRECTLY REPORTED FOR THE CRITICAL ^ UMBER (20 


i n t ? 

Condition | Means, SDaig. — 

2-06 20 2°39 5 

a 5:55 pae. 16 — n.s. 
A "n 124 21 4:29 ae 

B3; Sraz 2-22 22 0:74 bue: 

m : $ 2:02 18 2:25 2 

54 p 


iginal stimulus 
place, there must be a certain degree of correspondence ier m et eei 
sequence and the rehearsal trace. Secondly, Wickelgren (1965 dur mio 
too large rehearsal groups, the items in a series tend to change pon 2 too different 
rehearsing five-and-four, the rehearsed stimulus Sequence may becor «tale plac 
from the original stimulus sequence for an improvement in performance ike np 
when the stimulus Sequence recurs the next time. But, when sane = Es 
the item positions are better preserved and improvement in performance = m Table 
to take place the next time the stimulus sequence recurs. As can be seen ER 
I, the memory span for both rehearsal strategies is about the same, thus in l 
that the strategy of rehearsal is more important than number of digits cor 
reported, for improvement in performance to take place. —À 
In the presence of overt recall Tesponses to the critical number (conditio: ins 
takes place even when rehearsing five-and-four. 


rehearsal strategy, but 


with results reported by Murray (1965), who found that 
Sequences was better 


when these were read aloud by the 
than when they were read silently. 


EXPERIMENT II 

The previous experiment showed tha: 
three-and-three) or rehearsal both d 
ment in performance. When testi 


: e 
D presentation and recall. When varying m 
there is usually 


, 


Mackworth, 1962; Pollack, Johnson and Knaff I 
interval between presentati Waugh and Norman, 1965), unless the reca 
is paced and is to start immediately after Presentation (Conrad, 1957; Conrad an 
Hille, 1958). Murdock (1965) has pr i 


à FA n 
quence (Posner, 1963). Therefore, in condition D es 
rehearsal during presentation by presenting the dig! 
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at a rate of 4 digits/sec., and a recall response was demanded immediately after each 
presentation of a sequence, thereby preventing rehearsal after presentation. 

Recoding is generally assumed to facilitate learning and retention (Miller, 1956; 
Postman, 1963) and some workers have tried to apply recoding principles to per- 
formance in STM (e.g. Melton 1963a, b). The aim of condition E was to examine 
Whether it was possible to learn the recurring number by a recoding type of rehearsal. 


Condition D 

The subjects were tested individually under this condition and their recall responses 
were made verbally. . r re 

In the previous experiment the rate of presentation was I digit/sec., thus giving the 
subjects an opportunity of rehearsing the items during presentation. In the present con- 
dition, the rate was 4 digits/sec. during the pre-test series, but kept at 1 digit/sec. during the 
test series. The original length of the inter-number interval was maintained, In order 
to prevent rehearsal after presentation the subjects were instructed to recall each number 
as soon as it had been played back. The 4o-sec. interval before the change in rate of 
presentation was filled with the experimenter informing the subject of the change in rate 
ot presentati ing instructions were given. E m 

ces e ves d imis were assumed to recall the digits of the critical 
number in the pre-test series aloud, with no rehearsal intervening. 


Condition E 
This condition was run as a group experiment with the subjects writing down their 
recall responses. i 
he instructions under this condition were to listen carefully to what was played back 
on the tape recorder and try to find out whether each number was arranged according t a 
System or not. A system was defined as a non-random order of the digits. = aur As 
im the rst, 4th, 5th, 8th, 11th, 13th and 16th positions had their fists sys ena ic: ly 
Ordered, The position in the series of each number was in sl orty het ore m 
Presentation, and the subjects had the 11-sec. interval between numbers m w ch to write 


Own whether the previous number was systematic or not. After the pre-test series, the 


Subjects were told to write down each number immediately after its presentation, All 


numbers w. te of 1 digit/sec. - 
Now teenies Lee put. m P rehearse the digits but also to try to Sp iue them 
With information already stored in the LTM in order to find out whether they were 


i i bject who has 
arranged i .g. the sequence 321 is systematic for a subj 
already tees fe oe ace p or = 3, to take two possibilities. It can be tested for 


it wi i les stored in 
Systematizati mparing it with previous learned sequences or ru 
T This "hod min ENS the critical number a good chance of leaving a permanet 
trace in the LTM. The activity of the subjects during the pre-test series conl d eon 
trolled since they had to indicate the numbers in which tory douna i niied $ sol ese 
ete bers which were syste’ t 
epe] ce TA diee ‘data, are taken to indicate that the subjects followed 
Instructions, E d 


Results and discussion 

The result of condition D indicates that where rehearsal during and re dir UN 
10n is prevented no improvement in performance occurs. A possible cri ds w. ci 

could be made here is that whereas the pre-test series used Vier ap h F es 
Series used x digit/sec., and that a trace left by sequences presented T 4 se 
may not be detectable when tested with a I digit/sec. sequence. 2 E et " o 
Bits correctly reported of the number in the 15th position ia and this Dus 
Dot differ significantly from the number of digits correctly repo: z [) hes surrounding 
numbers (r4 and 16). (A control showed that the corresponding difference under 
condition C is significant at the 0°05 level with ¢ = 2:17, d.f. = 17). i herefore, it 
ovement occurred under condition D regard- 


seems clear f that no impr un 
less of vigere id using à presentation rate of 1 digit/sec. (the 20th number) 
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or one of 4 digits/sec. (the 15th number). Thus, the conclusion from the previous 


experiment that rehearsal has the key role in transferring stimulus-items from STM 
to LTM gains further support. 


TABLE II 


T i 7 HE 
GROUP MEAN DIFFERENCE BETWEEN THE CRITICAL NUMBER AND THE AVERIO LE. 
SURROUNDING NUMBERS [20 — (19 + 21)/2, AND THE MEAN NUMBER oF DIG 
CORRECTLY REPORTED FOR THE CRITICAL NUMBER (20) 


Diff.20 — 19 + 21 


Condition Meany, 


2 SDaig. n ? 
D 5:26 —0:27 3:26 16 nos 
5:60 0:53 2:30 20 zs 


In condition E no Significant improvement in performance was found. The sub- 
jects were asked after co 


mpletion of the ex 
of a number or not. El 


in the control group ans 


periment, if they had noticed a recurrence 
even out of 20 in the 


The results can then be s 
(1) No structural trace 
(2) Allowing rehear 


(3) 


ummarized as follows: 
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(4) A general finding of this report is that there must be a certain degree of cor- 
respondence between the structural trace produced by rehearsal and the 
original stimulus sequence if improvement in performance is to take place. 


There may, of course, be other ways of producing structural traces than by re- 
hearsal, but the efforts in this report to produce improvement in performance without 
rehearsal have not resulted in any success. This seems to support the view that 
rehearsal is the most important mechanism for producing structural changes in the 
CNS. 

In the previous study the rate of presentation was 1 digit/sec. and although re- 
hearsal was not controlled by giving instructions, many subjects reported that they 
had tried to group at least some of the digits in each sequence. In this case the giving 
of an overt recall response would be critical since such a rehearsal strategy is anything 
but optimal, and the conditions used in the latter study are probably very comparable 
with conditions B,, and C in the present one. 


5 


Thus with an optimal rehearsal strategy (three-three-and-three in the present case) 
an overt response is unnecessary, but with a stretegy less than optimal (five-and-four, 
for example) such a response is necessary for improved performance. ; F urther, an 
Overt recall response, without rehearsal grouping, is not sufficient to give improved 
performance, 

These results also mean that a description of the measures taken to control 
rehearsal should be included together with the specifications of the number of presen- 
tations of the stimulus and the time interval between presentation and recall, when an 
experiment is operationally defined as a STM or a LTM experiment. An experimental 
design with one presentation of the stimulus sequence, and recall within a short time 
of presentation, may be in danger of bringing in LTM if ample opportunities for 
rehearsal are given. 

This view of STM differs from that of Brown and Broadbent as regards the effect 
of rehearsal in so far as they assumed that rehearsal merely postponed the onset of 
the decay. Broadbent (1963) does distinguish between a pre- and a post-rehearsal 
STM-system on the basis of the findings reported by Sperling (1960) on STM in vision, 
but he assumes that both STM-systems follow the same principles. 

When defending a one-mechanism theory of memory, Melton (19630) argues that 
he cannot understand why “an encoded event with a frequency of I should, when 
lost, have its loss ascribed to decay, while an encoded event with a frequency of 
2, 3, .. ., n should have its loss attributed to interference." The answer to Melton's 
argument from the point of view presented in the present report should be that if 
“encoded” means the same as "rehearsed," then the forgetting of the event should 
vbey the laws of interference, whereas if the event is not rehearsed, then its forgetting 
Should most probably obey the laws of decay, although the possibility of a more 
Permanent storage even without rehearsal cannot be excluded (cf. Waugh and Norman, 
1965, who assume that events become permanently stored even without rehearsal). 


This investigation was supported by the Swedish Council for Social Science Research, 
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REDUNDANCY EFFECTS IN SHORT-TERM MEMORY 


BY 
D. W. J. CORCORAN * and D. L. WEENING 


From the U.S. Navy Electronics Laboratory, and San Diego State College, 
San Diego, California 


: hose purpose was to demonstrate that short-term 
memory is improved by redundancy within the material. In Experiment I "tunes" 
containing two, three, four and five tones of differing frequencies had to be coded into 
digits 1-5, to indicate the order of the pitches in a tune. Performance on stimuli contain- 


musicians, Experiment IV repe 
Paeon dimensions. Experiment V involved “shadowing” 
aneously with the stimulus. 


It was concluded (a) that intercorrelation 
short-term memory; (b) that knowledge of the relation between dimensions improves per- 


formance in the correlated condition, but does not prevent impairment under zero correla- 
tion; and (c) the performance of musically trained subjects exceeds that of controls and is 


unaffected by the presence of a correlated or uncorrelated dimension. 


improves, but zero correlation impairs 


INTRODUCTION 


Eriksen (1952, 1953) and Green and Anderson (1956) have shown that the time 
required in searching for a given stimulus is shorter if that stimulus differs in two or 
more dimensions, rather than in a single dimension, from the rest of the population. 
Eriksen and Hake (1955) and Garner and Creelman (1964) in similar investigations 
demonstrated that the absolute identification of stimuli varying only in hue, size or 

d its characteristic size, each size its character- 


brightness was improved if each hue ha ter j 
istic brightness or each brightness its characteristic hue. Further improvements 


could be shown when all three qualities were intercorrelated. The effects of inter- 
dimensional correlation upon recognition in these studies have been considered to be 
due to the greater informational redundancy in the bi- and tri-dimensional material. 
Thus interdimensional correlation has been identified as a form of redundancy, acting 
like repetition or duplication of the same information to improve discrimination 


Garner, 1962). f " 
That interdimensional correlation might improve resolution within the memory 
trace is suggested by the work of Conrad (1964) and especially by Baddeley (1966), 
] items are more difficult to 


Who has shown that lists of acoustically similar verba ficult 
i omparable lists of acoustically dissimilar 


lar items differ from each other in fewer phonetic 
e dissimilar material 


cy within the material. The spoken B (bee), 
for example, may be considered to be composed of two phonemes, [b] and fij. This 


Sound differs from V (vee) b i 
y a sing ; 
two rests entirely ik Modan o When presented with B and Z, 
Owever, the initial phoneme may be forgotten without loss since Z is composed of 


* Exchange scientist from M.R- 


England, where part of the experime 
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two redundant phonemes, /e/ and /d/. (This description oversimplifies the phonetic 
structure of spoken letters, and is used merely as an example.) fic 

The major purpose of the following experiments was to demonstrate more forma y 
the influence of interdimensional correlation on immediate memory and therefore 
link two previously separate areas of research. In the process of — 
possible explanations of the phenomenon another related question was raised: tha 
of the influence of an uncorrelated dimension upon immediate memory. 


EXPERIMENT I 
Method 


Stimulus material and procedure. A set of four tape recordings, F, FA, FD and FAD, 


A E. ER A 8 i j re 
was made, each containing 11 stimuli. A given stimulus consisted of from two to fiv 
Separate tones of different frequencies. 


a I Sec. 1,250 cps. tone followed immedi: 
The subject was requested to code this 
the higher tone and a value of 1 to th 
indicated the order in which the two to 
came a 3-tone stimulus in which a hi 
the original two. The first 3 


r and the response 213 was checked before the subject "a 
ade up the whole of Tape i 

These consisted of three more 3 muli and three 5-tone stimu i 
The 3-tone stimuli contained t! e examples, the 4-tone stimu 4 
ontain dd of 1,750 cps. which had to be coded as a 4, and the 5-tone 
stimuli an additional 2,000 cps. 1 5. The particular orders were 
determined by a random pro i icti within a given stimulus no 
e as follows: 321, 132, 215 


by the method of hodic iie which were approximately equal in interval, as determine¢ 


vens, 1956). The levels at the source (4 
62 dB., 66 dB. and 69 dB., and the ary 
wee Part from the introduction of intensi 
entical to those of T. F 

In Tape FD each freq vor ds 


The 1,000 cps. tone was exposed 
; tone for 1 sec., the 1,750 cps- 

000 cps. tone for I$ sec. at the source was kept constant 
TABLE I 


ORDERING oF CONDITIONS FOR EACH SUBJECT 


(EXPERIMENT I) 


Order 
Subject 

7 I 2 3 4 

5 F FAD | FA 
2 FD 
2 F FAD | FD FA 
3 FAD F FA FD 
4 FAD F FD FA 
5 FA FD F FAD 
6 | FA FD FAD F 
7 ED FA F FAD 
8 FD FA FAD | F 
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, Both the amplitude and duration of each frequency differed in Tape FAD but other- 
wise this tape was identical to F, FA and FD. Thus the stimuli in all tapes were composed 
of the same frequencies in the same order and although FA, FD and FAD contained 


additional correlated dimensions, all tapes required identical coding. 

Subjects were not informed of the relevancy of the redundant dimensions, but were 
requested before each recording to code in terms of pitch. They were, however, warned 
that the recording would sound a little different from the previous one. Several subjects 
noticed variations in intensity; only one commented upon differences in duration and none 
reported having explicitly used the correlated dimension(s). Subjects were instructed to 
write nothing until the complete stimuli had been presented. 

Subjects. Eight laboratory personnel, six males and two females, served as subjects. 
All were scientific members of the laboratory, or technical assistants; they were assigned 


to conditions in the order shown in Table I. 


Results and discussion 

Since subjects were aware of the digits they would use in their answers, the only 
uncertainty involved was the order in which the digits were tobe placed. Accordingly, 
the measure proposed by Crossman (1960) was used to assess the amount of informa- 
tion transmitted for each stimulus. Crossman proposed that the amount of presented 
information should be estimated by log”! (where 7 is the number of items (tones) 
within a stimulus) and that the information lost should equal log;!!, where ¢ is the 
number of transposed items. The transmitted information for each stimulus was 
therefore estimated by the proportion (logy! — logst!) /logan!. 


TABLE II 


MEAN PROPORTION OF TRANSMITTED INFORMATION (Prrcn). 
(EXPERIMENT I) 


nÁ 


Number of tones in stimulus 


| Overall 
Condition 3 | 4 5 mean 
F 0:968 | 0:982 0:828 0:926 
FA 1:000 0*99I 0:905 0:965 
FD 0:968 0:967 0:824 0:920 
FAD 0:984 1-000 0:844 0:943 


END EUN M LLL esl 

Tabl mean proportion of transmitted information per stimulus 
for An riaka This table shows (a) that only 5-tone stimuli caused any 
rea] difficulty and (b) that the proportion of information transmitted by Tapes F and 
D was less than that transmitted by FA and FAD. The overall scores Des ii 
9n F did not differ significantly from those of Tape FD, but were reliably lower than 
the scores obtained on FA (p < 002) and FAD (p < 005), asassessed by the Wilcoxon 
test, Similarly, the scores on FD were less than those on FA and FAD (f < 0°02 and 


< 0°05, respectively). ae ; 
Sine the inim 2 kept constant throughout the four conditions, the differences 


in performance are probably attribu s 
Tetained during the ose em the coding was taking place. The results therefore 


Indicate that the introduction of intensity as a redundant dimension improved short- 
term storage, but that the further introduction of duration did not have an additional 


€neficial effect. 
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The superiority of FA and FAD over F could, however, have been due to = Es 
four factors: (a) the correlated dimension of intensity may have increased the re uh à 
ancy of the information carried by the tones, thus increasing their discriminabi B y 
in memory; (b) the intensity differences may have been more easily retained than 
differences in pitch and subjects might have explicitly used the former in preference 
to the latter in the FA and FAD conditions; (c) the variations in the intensity pie 
have simply improved the perception of pitch (it is known, for example, that € à 
perception is influenced by intensity (Doughty and Garner, 1948)), or (d) the redun 
ancy may have improved immediate recognition, not storage. 


Experiment II was designed to eliminate the second possibility (b) that intensity 
was used in preference to pitch in Experiment I. 


EXPERIMENT II 
Method 


Stimulus material and procedure. Tapes FA and FAD were retained and two additional 


ess intense tones. Thus th ious experiment 

was essentially repeated except that in S Preven 3 
Subjects and procedure. A furthe 
identical to that used in Experiment I. 


Results and discussion 


TABLE III 


ANSMITTED InFo 
XPERIMENT II) 


Numbey of tones in stimulus 
met c ge E OR 
Condition 3 " $ pee 
A a ae 
0:984 0:973 0-858 0-938 
ee RS 
FA I:000 1:000 0:873 0-958 
AD mme esee] 
1:000 ; p ; 
C M 9:917 0:838 0-918 
FAD 1-000 


9:991 0:877 0:956 


ERE 1 0 ee 


=——— 
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The results of Experiment II serve to reject the hypothesis that intensity was 
coded in preference to pitch in Experiment I. If this had occurred, then (a) FA 
would not have yielded better performance than A, and (b) FA in Experiment it 
would have resulted in about equal performance to A in Experiment II. 

. The next experiment was designed to eliminate the third hypothesis, (c) that the 
differences in amplitude simply enhanced the perception of pitch. 


EXPERIMENT III 


If the superior performance resulting from the correlation of amplitude and fre- 
quency were due simply to the better perception of pitch with varying amplitudes (or 
the better perception of intensity with varying frequency), then it is of no importance 
that the two dimensions were correlated. Variations in amplitude which are un- 
related to frequency should therefore have the same effect as variations in amplitude 
correlated with frequency. In the following experiment, therefore, pitch was coded 
Fi (a) only frequency differences existed in the material, (2) when amplitude and 
‘Tequency were correlated, and (3) when they were uncorrelated. Experiment III 
also considered another variable, which will be discussed at a later stage and which 
necessitated a group of subjects who were musically trained. 


Method 
a Stimulus material. Three tapes were constructed, the details of which are presented 
ite able IV. Tape F contained a 2-tone stimulus and three 3-tone stimuli as practice 
Same these were followed by four 4-tone, four 5-tone and four 6-tone stimuli. All tones 
to Te of 1 sec. duration and recorded at an arbitrary meter reading of —14 dB. The six 
ù nes had the frequencies shown in Table IV, which can be seen to be lower than those 
sed in previous experiments. (The lower frequencies were used because it was considered 
Possible that the relatively high frequencies used in the early experiments may have been 
particularly difficult to rehearse since they were outside normal voice frequencies. This 
E ctor did not appear to influence the results and will not be further considered.) The 
Orrect coding of the stimuli were: 21, 213, 321, 132, 3142, 4213, 1432, 2314, 15324, 52314, 
35241, 41352, 463125, 243651, 652143, 546231- 


TABLE IV 
CHARACTERISTICS OF STIMULI. (EXPERIMENTS III AND IV) 


All tapes FAc FAuc 
ed 
Amplitude re zero dB. 
Frequency Amplitude 
pee | in cps. ve zero dB. 4-tone | 5-tone 6-tone 
I — 
700 —35 —28 —I4 7 
& 8oo —28 —35 =35 =H 
3 900 —2I —14 —21 —14 
4 1,000 —14 —21 = ee 
I,I00 ES = E 
S 1,200 o = — —28 
peu ro o a a ae 


Sh t that each frequency was recorded at the amplitude 
in QS in Table IV. It will be noted that amplitude and frequency are perfectly correlated 
Shi Ac, Whereas the amplitudes at which the tones were recorded on Tape FAuc (also 
m own in Table IV) bore no relationship to the frequencies; 1n fact, the rank order correla- 
Pns are all zero. The four training items, which were inserted before the test items on 


all tapes did not vary in amplitude. 


Tape FAc was identical to F excep 


v 7 LOGY 
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ved as 
Diego State College serve 
j . Twelve undergraduates of San ate & Seo then 
Sui gna aap ae music as their principal subject and = n ar a 
subjects. Six w Subjects were tested in Music/non-Music pairs, em h P zelaged over 
varied MAE OE ha ke possible orders of three conditions. Stimuli meer i nobis 
a wm perd that the amplitudes for the least and most ae pe easier td 
Ee ^ icrobar at the ear. Subjects w 5 
i . Te 010002 microbar à s we ers 
EU aped S ds were not informed of the existence of wer demens oan 
EER dáendity were usually perceived, to judge from the reports, bu y 
as correlated to the pitch. 


Results and discussion 


Table V presents the mean proportion of transmitted information under = eun 
dition for both groups. Within the musical group no differences in performa: abd 
evident between conditions. In the non-musical group two of the three € n 
were found to be statistically reliable, but it was necessary to use a paramen d os 
nique to achieve satisfactory levels of confidence. Overall performance Pr m AR. 
was found to be lower than that under F (¢ = 2:58, p < 03) and FAc ( s 
p < 0:05) in the non-musical group. The Scores achieved by musicians wer a 
higher than for non-musicians under all conditions (p < o-or in all comparis 


TABLE V 


MEAN PROPORTION OF TRANSMITTED INFORMATION. (Experiment III) 


—————— 


No. of tones 
4 5 6 Overall mean 
iem — 
ical 
F 0'995 0:908 0:774 0-892 Musical. | 
0:857 0:734 0-676 0:755 non-Mus!¢ 
ies ud 9-894 0:803 0:895 Men eil 
0'927 0-794 0:645 0:789 non-Mu 
FAuc 9:053 0-915 o 0-870 Musical , | 
0:659 0:647 vA din non-Musica 
The results of Ex 


e res 
to confirm the earlier 


H un 
W apparently causing deterioration in performance 1n the 
correlated condition. 
EXPERIMENT IV 
Method 
Stimulus 


7 material, subjects and procedure. 
Experiment III. _he procedure differed in o. 
aware of the relationships between amplitude 


ed iP 
The stimuli were identical to those ds fully 
ne respect in that subjects were us them 
and frequency. It was suggested 
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that when the two 
I parameters were uncorrelated they should i i 
i ; y uld attempt to ignore th - 
E elgg ne A further six State College students were PEEN node af a 
ians. The design was identical to that used in the previous experiment. 


Results and discussion 

The results, which are shown in Table VI, confirmed the positive findings of all 
let experiments. All inter-condition comparisons were reliable, the Wilcoxon 
te dag ad Ts of zero, p < 0°05 in all cases. Thus knowledge of the relationship 
but is the two dimensions enhanced the beneficial effects of correlated dimensions, 
is E saa between the present results and those of Experiment III show that 
ES. * erioration in the uncorrelated condition was probably unaffected by the 
- vledge that amplitude and frequency were uncorrelated. The improvement of 
us per cent from F to FAc in Experiment IV was reliably greater than the 3 per cent. 
Ü provement over F shown in Experiment III. The Mann-Whitney test gave 
m 5, and a two-tailed p = 0042. The deterioration under FAuc conditions in 

xperiment III did not differ reliably from that in Experiment IV, however. 


TABLE VI 


MEAN PRoporTION OF TRANSMITTED INFORMATION. (EXPERIMENT IV) 


No. of items 


4 5 6 Overall mean 
F 0:740 0:575 0:549 0:621 
FAc 0:795 0:763 0:641 0:733 
FAuc 0-601 0:477 0:456 0:511 


and IV were analysed further to discover any 


oeil of order of presentation of conditions. Performance under each condition was 
ompared when each had been immediately succeeded by one of the other conditions 


* e When presented as the first condition. The results are summarized in Table VII, 
zd presents the mean transmitted information under each contingency ; each mean 
S based upon six subjects. None of the comparisons are statistically reliable even 


by a single-tailed test. 


The results of Experiments II 


TABLE VII 
FORMATION FOR EACH CONDITION WHEN 


MEAN PROPORTION OF TRANSMITTED In c 
(EXPERIMENTS III AND IV) 


PRECEDED BY F, FAc, AND FAuc. 


Preceding condition 


Condition | 1st condition After F After FAc | After FAuc 
F 0:767 = 0:683 0-804 
FAc o-8o1 0:856 = 0:758 
FAuc 0:552 o-61I 0:767 — 
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EXPERIMENT V 


The final experiment seeks to test the hypothesis (d) that redundancy within the 
material improved the immediate recognition of the pitch, rather than its storage. 


The appropriate experiment is of a somewhat different kind from the previous experi- 
ments. 


Method 


Stimulus material, subjects and procedure. Six subjects who had proven unable to code 


the six-item stimuli efficiently in Experiments III and IV and who were able to demonstrate 
the ability to whistle a tune, were used. 


The six-item stimuli on Tapes F, FAc and FAuc w 
a balanced order. Subjects were requested to “shad 
"same" notes immediately they were presented over 
recorded, together with the background stimuli to wh: 
latter were recorded at a lower level than the whistl 


es. 

Although it was originally intended that a physical device be used to analyse the 
frequencies of the whistles, this was found to be unnecessary, since two observers (o 
probably greater pitch-matching accuracy than a physical system) made reliable judge- 
pmts of whether or not the pitches of the whistle agreed with those of the backgroun' 
stimulus. 


ere presented over a loudspeaker in 
ow” each stimulus by whistling the 
the loudspeaker. The whistles were 
ich the subjects were responding; the 


Results and discussion 


The number of occasions in which the pitch of the whi i margin- 
ally, with that of the stimulus were ide Five v do Murau eo no 
errors, but ten errors were recorded for the sixth subject Ei ht of these errors 
occurred under FAc conditions. The deviant subject claimed n be aware of his 
errors and complained that the one second duration of each not too brief a time 
to allow him to “home” in on the pitch. Koi dat 3 
dion camo discredit hypothesis (d), that perceptual rather than stora£? 
Con eadi 5 ting in the previous experiments, since no difficulty at all bir 

in the immediate reproduction of the stimuli under any of the condition? 


(5) Uncorrelated variations ; : jon 
of pitch, ations in amplitude had an adverse effect upon the retentio 


(7) Musically trained subj 


non-musical subjects 
Conditions, 
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A In the correlated conditions the memory store contained duplicated information ; 
us if the primary source failed, the correlated information may still have been 
available (much as in Baddeley’s study the resolution of Z from B may have been 
np by the phonemes [e| and /d/ if the resolution of the initial phonemes failed) 

he correlated information could therefore serve either to fill in the gaps in memory 
i asa check upon the chosen code. In the early experiments in which the relation 

etween dimensions was not made known, the improvement under the correlated 
condition, although significant, was small. With knowledge of the inter-dimensional 
relationship, performance was greatly improved, suggesting that perhaps only the 
more sophisticated subjects benefited by the correlated dimension in the earlier 
experiments. 


illa Ep. (5), however, introduces another factor whose effect is most forcefully 
zi Strated in Experiment IV. In this experiment, although subjects were warned 
at there was no relation between pitch and intensity and, in fact, instructed to dis- 
jm the intensities, a deterioration in performance still resulted. This implies that 
b € amplitude information was not filtered out at the periphery (Broadbent, 1958), 
is entered the store and was erroneously used as a source of information. Thus an 
poe te memory for pitch order was supplemented by an intensity order which 
E S known to be uninformative. These results are perhaps best explained by the 
2 end that qualities in the stimulus are selected as “filing tags" in memory (Yntema 
es Trask, 1963; Broadbent, 1967) but adds the rider that this tendency may be 
Tong enough to withstand instructions to ignore the wrong tag. 
t The results of the musically trained subjects, unlike their controls, suggest that 
d made use of a peripheral filter. This conclusion is not based upon the fact that 
eir performance did not deteriorate in the uncorrelated condition since they might 
im have had the capacity to ignore amplitude information which passed through the 
Iter. Rather the conclusion is drawn from the inability of these subjects to make use 
of the useful (correlated) information. It is significant perhaps that a course in 
musical appreciation consists partly of training the student to widen and narrow his 
attentive focus at will so that he may listen to one instrument or to many simul- 
taneously, Thus the apparent absence of the peripheral filter in the untrained sub- 
Jéct may simply indicate his lack of training in its efficient deployment. 


The final outstanding problem concerns the ineffectiveness of duration as a cor- 


Telated dimension. Firstly it is unlikely that the perception of pitch could have been 
s of some of the tones. Although there is 


at short durations (Turnbull, 1944; Doughty 
]l above those shown to have effects 
uration would be more likely 
al differences in intensity than reduce them. The 
Possibility that the differences in duration were not perceptible can be rejected by some 

i ho showed an equal ability to code 
f published data). A clue may be gained 
Tom the report by the greater majority of that differences in duration were 

hanges from the end of one tone to the 


]so, the variation in d 
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The writers are indebted to the Royal Navy for the use of subjects and equipment, and 


the U.S. Navy Electronics Laboratory for supplying equipment and the opportunity for 
preparing the work for publication. 
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SOME EFFECTS OF DISCRIMINABLE GOAL-BOX 
CONDITIONS ON THE LEARNING OF A SUCCESSIVE 
DISCRIMINATION 


BY 


M. H. SHELDON* 
From the Psychological Laboratory, Cambridge 


Inan attempt to confirm and extend a previous result, rats were trained on two tasks 
where a signal delivered at the start of each trial indicated which of two paths through a 
maze would be rewarded. In Experiment I both paths led to the same goal-box, and it 
was found that performance was better when the state of the goal-box was different on 
trials with each of the two signals. In Experiment II the two paths led to spatially 
Separated goal-boxes. It was found that when the states of the two goal-boxes were 
discriminably different but the state of each of them remained the same from trial to trial, 
Performance was better than when their states varied irregularly. It is suggested that 
these results have interesting implications for theories of behaviour. 


INTRODUCTION 


In one of the experiments reported briefly in a previous paper (Sheldon, 1964) rats 
Were trained to take a path leading upwards from a starting box when one signal was 
Presented to them, and a path leading downwards from the same starting box when 
a different signal was presented. For half the animals (Group SGB) the two paths 
led to à common goal-box, and for half (Group DGB) they led to different goal-boxes. 
Animals in Group DGB learned the problem significantly faster. 

At least two ways of explaining these results in terms of existing theories ought to 
be Considered. The first of these arises as a necessary consequence of the design of 
the experiment. As far as possible the responses required of the two groups (up or 
down through the central choice section of the maze) were the same, but it was 
Obviously not possible for them to be identical: for Group SGB both responses took 

he animal to the same position in space, but for Group DGB they necessarily led to 
different positions. It might be argued, therefore, that the sequences of movement 
demanded of the animals trained with a single goal-box were in some way harder to 
learn than those for the animals trained with two goal-boxes, and that this was the 
Teason for the difference between the groups. : 

In the simple case 


Second explanation relies on secondary reinforcement. 
Where animals F trained to choose one path rather than another (but always the 


Same one) we should expect there to be a difference between training with one goal- 
Ox and training with two. For animals with only a single goal-box, wrong choices 
Would be secondarily reinforced (since they would lead the animal to a goal-box 
35SOciated with food) and this would slow down the rate of learning. Animals 

dvantage that wrong choices would take 


rained with two goal-boxes would have the ad 3 c 1 
lem to a goal-box that had never been associated with reward. But in a successive 


discriminati t equally often) this advantage 
i = the two routes are correct equally ; g 
opel le ig iud Lboxes will have been associated with 


i 

S lost. For animals in Group DGB both goal- 3 

Teward, and this means that wrong choices will receive some amount of secondary 
reinforcement. The critical question, therefore, becomes: do animals trained with 
WO goal-boxes receive as much secondary reinforcement for wrong choices as animals 


* Now at Department of Psychology, University of Hull. 
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gth 
trained with a single goal-box? One variable that Pepai a recu cur 
f secondary reinforcement is the relationship between the total num ee 
Ex which the animal has encountered a particular ir crgo temere ii 
i yhich i een rewarded in its presence. / 
2d — ee reinforcing strength of ae e ae pee 
will be equal and the same as that of the single go s P or = Seanad 
the case of an animal choosing at random, reward E ^s pue des 
on approximately half the occasions it is visited. : - ei wider inira 
that secondary reinforcing strength increases with the absolu: Vico 
i i as been associated with reward. In the present case E 
eM red for the single goal-box for Group SGB than for the *- 
boxes for Group DGB: if we again consider the case of an animal choosing at m ner 
the single goal-box will be associated with reward on half the total pos sinet 
and each of the two goal-boxes on only a quarter of the total. ; Thus, ae s cei 
with a single goal-box may receive stronger secondary reinforcement i a 
choices, and it could be argued that this is sufficient to explain their rare pope 
The experiments described here look more closely at the effect of distincti 


V P Š as 
boxes on successive discrimination under conditions to which neither of these explan 
tions could apply. 


EXPERIMENT I 


r s s e 
In the experiment reported previously, and discussed above, animals for whom n d 
two paths led to different goal-boxes learned faster than animals for whom they 


to the same goal-box. One way of putting the difference in training conditions 19° 
these two groups is to say that for group DGB (but not for Group SGB) reward at 
consistently associated with different sets of goal-box stimuli on trials with eac "e 
the signals. It might be, therefore, that using a single goal-box for all animals, Bst 
arranging matters so that on any particular trial it could be in either of two distinc i i 

states, we should find that animals for whom there was a consistent relationship 


between the signals and the states of the goal-box (and hence between the signals 2? 
the stimuli with which reward w. 


: P m 
reward was associated) learned better than animals for who 
there was no such relationship. This experiment tests this possibility. 


Subjects and apparatus 


4 ical 
The subjects were 24 hooded rats (12 males and 12 females) bred in the Psychologl 

Laboratory, Cambridge. At the start of th: 
The apparatus consiste 


down through a central c 
on, 

OX version of the apparatus described previously (Sheld 
1964).) The maze was made of i i i 


a 
the maze (the surface between e lid 


pe 

ace of the goal-box were hinged so that rats could 
put into the maze and taken out of it, he operation of all the doors marked in ALT the 
(at the entrance to the starting box, above and below the central obstacle, and ned in 
entrance to the goal-box) was controlled electro-mechanically: the doors were Pe itches: 
and out from the back of the apparatus by the arms of solenoids operated by sw? les of 
The £oal-box contained two food Cups side by side; access to them was through Ro 
I in. diameter covered by sliding lids controlled by the arms of separate solenoids. uld be 

The apparatus was equipped so that distinctive signals ("starting signals") pes im 

delivered to the rat in the starting box. One signal was the sounding of a be tartin 
mediately behind the Starting box. The other was the flashing of the light in the $ 
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FIGURE 1 


[) | Goal box 


Goal box 


Experiment I. The maze for 
was as shown in the lower part 
— door; L — light. 


E: The upper part of the Figure shows the maze used in 
of Beriment II was similar except that the goal-box unit 
the Figure. Key: FC = food cup; PC = photocell; D 


box and i i j i f about one flash per 
the two lights in the choice section of the maze at a rate of about o P 
Sec.; the flashing wae accompanied by the click of a relay. On trials when the buzzer 
im Sounded none of these three lights was ever on. Thesignals were switched on manually 
at the start of each trial, and were switched off by the animal as it passed through the beam 


9f either in Fi bove and below the central obstacle). 
lum ee ae cera de to fit the goal-box. Both linings 


wo interchangeable metal linings were ma 1 £ 
Covered the end well xd goal-box (leaving a ulb to stick through) and 
extended for 51 in. along the floor with a hole giving access to one of the food cups. One 
ae was painted black, and had a rough floor Grn nuts and bolts set in a layer of glue); 
ertical b; d -hand side o 
Eoal-box us paper] i erem the right hand food-cup. The other lining was 
tainted white, and had a smooth floor; a baffle at the ri 
eat from the left-hand food cup. 
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Some days before pretraining started animals were placed on a 23-hr. food deprivation 
schedule, and this was maintained throughout the experiment. Food was available in 
the home cage for 1 hr. each day, shortly after the end of the experimental session. On 
each of the 4 days of pretraining animals were placed directly into the goal-box and 
allowed to eat freely. Both linings were in place equally often. 


Training and design 


After pretraining animals were divided randoml 
restriction that each group contained six males and 
will call Group S) was trained with a s 
goal-boxlinings. For six animals the 
buzzer, and black on trials with the 
reversed. Within each of these sub-g: 


y into two groups of 12, with the 
Six females. One group (which we 
ystematic relationship between starting signals and 
goal-box lining was always white on trials with the 
-— Bde for the remaining animals mi Ti 
roups half the animals w i o up for the 
buzzer and down for the light, and half io go down for the ER eer des b the light. 
The other group (Group R) was trained with identical starting signals and goal-box linings 
but with the relationship between them random. Equal numbers of animals were traine 
in each direction to each starting signal. 

Both groups had six trials a day. Th 


selected sequence repeating every sixth day, and ensuri à male with 
each signal on each day. For Group Ra si ring that there were three tri 


and then all the females. Each batch th i ix ani up. 
Within each batch of animals trials were fren tp animals from each prose 
animal was kept in an individu 


Results and discussion 


By the ti i i 
& G R ied px T in Group S had reached the criterion only nine animals 
edit. If we assume that from this point animals who had no 


Trials Group S Group R ?* 

» 

IW Ww zs 
115-228 98:9 856 Zo or 
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yet reached the criterion would have performed perfectly if the experiment had con- 
tinued, we can compare members of the two groups for the number of trials to reach 
criterion. The median numbers of trials were: Group S, 78; Group R, 192. By the 
Mann-Whitney U test, U = 24:5, p < oor, one-tailed. Table I presents a com- 
Parison between groups for the mean number of trials correct over the whole training 
Period, and over each half of it. Taking the data from correction trials and comparing 
the groups with respect to the percentages of incorrect first choices that were followed 
by repetitions of the same error (and then, of course, by a forced trial) we find means 
as follows: Group S, 57:3 per cent.; Group R, 48:2 per cent. Members of Group S, 
that is to say, were more likely to make a wrong second choice than members of 
Group R (U = 36:5, p < 0:025, one-tailed). 

The performance of Group S (for whom there was a systematic relationship be- 
tween starting signals and goal-box linings) was better, in terms of trials to criterion 
and initial correct choices, than that of Group R. The differences between groups are 
Similar to those between Group DGB and Group SGB in the experiment reported 
Previously. There is one exception to this that may be important. An unpublished 
analysis of the results from correction trials in this previous experiment shows that 
the group that learned the discrimination faster (Group DGB) also made repetitive 
€rrors on a smaller percentage of their incorrect trials (6 <o-oor). In the present 
€xperiment the group that learned faster (Group S) made more repetitive errors. 

In the Introduction we considered two possible explanations of the previous 
results. Neither of them could apply to the present case. Here, with a single goal- 
box for all animals, responses for the two groups were strictly identical. The second- 
ary reinforcement for wrong choices must also be the same for both groups: both the 
relative and absolute frequencies of reward associated with the two states of the 


80al-box will be the same. 


EXPERIMENT II 


In Experi that there was an advantage in manipulating the state 
ofa Cue alae P4 a way that reward was consistently associated with a 
different set of stimuli on trials with each of the two starting signals. The next 
Xperiment tried to produce analogous results with two goal-boxes. 

, Two different and interchangeable goal-box linings were used. For one group of 
animals (Group S) the linings stayed in the same positions (one in each goal-box) 
throughout the experiment. For the other group (Group R) the same linings were 
"sed, but their positions shifted randomly between trials. Both groups had to learn 
a successive discrimination. For Group S als with a particular starting 


reward on tri ae sae 4 
Signal would always occur in the presence of the same goal-box lining. For Group 
Do such relationship would exist. It was predicted (by analogy with the previous 


€xperiments) that Group S would learn the problem faster. 


Subjects 

and apparatus cperi- 

«Uo subjects were 22 hooded female rats, about on dare S t PESESY that a second 
nt. The apparatus was the same as ed T tena the rear edge of the central 


oal- 4 
Eoal-box was added, and a temporary fi ths. These changes are shown in the lower 


Obstacle to a 
separate the upper and lower paths. | 

hrat of Figure x. The Mon goal-box was eect to be as St 

~- mal e was left unchanged. à 

he ee e he maibee were modified to make them fill p p even 

Ore completely. They were lengthened so that they extended 7 in. along the floor, and 

i Y: y k walls of the goal-boxes. In other respects 


hi € pieces were fitted to them to cover the bac 
SY were the same as those used in Experiment I. 


milar as possible to the 
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Animals were placed on a 23-hr. deprivation schedule, and then pretrained for a total 
ofg days. On each of the first 3 days they were allowed to eat freely in plain goal-boxes. 
On the next 3 days the linings were introduced, and each rat fed once each day in the 
presence of each of them. On the last 3 days animals were given a series of forced trials 


through the maze: no starting signals were used, and each animal was forced once in each 
direction on each day. 


Design and training 

After pretraining the animals were divided into 
linings were always in the same position. For six animals the upper goal-box always 
contained the black insert and the lower one the white: for five animals this relationship 
was reversed. For Group R the position of the linings varied from trial to trial according 
to a schedule that satisfied the following conditions: (2) each spatial arrangement of the 


linings (black above—white below, and white above—black below) occurred equally often; 
(6) each of these arrangements was 


Paired equally often with arting signal; (¢) 
reward was associated with the two inserts Selly oer SIRO KAHPE SIE 
The animals were trained in two batches of 


aereum T II (run at different times of day) each batch 
containing six animals from one group and five from the other. In all other respects the 
training procedure was the same as that in Experiment I 

Training continued for 32 days, until all the animals i the 

pits o» no d reached th 

criterion of at least five correct trials out of six on four successie pu oes animal in 
Saree Sp eaen Ta bui egal on day r9; it refused to run in the apparatus 
although it had successfully met the criterion s i i i ded 
here appropriate. ome time previously. Its data are inclu 


two groups of 11. For Group S the 


Results and discussion 


< oX, one-tailed), Toup R to make a wrong second choice (U = 1% 
TABLE II 
MEAN Num 

dali Rcs Hare nor OVER THE WHOLE TRAINING Perron anp OVE® 

AKEN SEPARATELY, (EXPERIMENT II) 

Trials Group S Group R ?* 
I-192 . 
97-192 81-5 o S pide 
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errors, particularly during the second half of training. These differences between 
groups are similar to those in Experiment I. However, in Experiment II the group 
that learned more quickly also made fewer errors on the second choices of correction 
trials. In this the results resemble those of a previous experiment (Sheldon, 1964) 
but not those of Experiment I. 


GENERAL DISCUSSION 


From this series of experiments it appears that under certain circumstances rats 
find it easier to learn successive discriminations when reward occurs in the presence 
of different sets of stimuli with each of the two starting signals. In the experiment 
reported previously the distinctive stimuli were those provided by two physically 
distinct goal-boxes. In the experiments reported here they were presumed to be 
stimuli arising from the interchangeable linings of the goal-boxes. 

These results present certain theoretical difficulties. Theories of behaviour have 
usually allowed for only one kind of relationship between stimulus and response. 
For S-R theory—even its more sophisticated versions—the presentation of a stimulus 
is the occasion for the animal to make a certain set of movements. For other theories 
—Spence’s theory of discrimination learning (1936), Deutsch’s theory (1953, 1960) 
and the most recent version of Mowrer’s theory (1960)—the relationship is quite 
different: the function of a stimulus is to serve as a cue for the animal to approach. 
Neither of these functions alone seems sufficient to explain the present results. 

For S-R theory the central difficulty is that since the stimulus conditions up to the 
moment of choice, and the primary and secondary reinforcement contingent upon the 
choice, were apparently identical, there is no basis for predicting differences between 
the groups in either experiment. For “approach” theories there is a different diffi- 
culty. In these experiments behaviour cannot be regarded as consisting simply of 
approaches to sets of goal-box stimuli, since which set of stimuli is to be approached 
9n a particular trial depends on which starting signal is presented. But these theories 
à5 they stand have difficulty in accommodating the function of the starting signals at 
all, since they are stimuli that the animal is not in any sense required to approach. 
In terms of Deutsch's theory, for example, each of the starting signals would have to 


be represented by a link at the bottom of the chains of links representing the routes 

hrough the maze. As soon as the signal was presented to the animal in the starting 
box its link would be turned off before the signal could have played any part in select- 
i lar difficulties for Mowrer’s theory. Be- 


ing the animal’s response. There are simi i „theo 
haviour in many situations is considered to consist of approaches to stimuli (extero- 


ceptive or proprioceptive) to which certain patterns of autonomic response have been 
conditioned; again no provision seems to exist for behaviour to be controlled by stimuli 


like the stai E 
arting signals. " : " 
What ired is some theoretical arrangement by which certain 
nde obe: e ) can serve to select other stimuli 


stimuli (like the starting signals in these experiments 
(like the stimuli eee the goal-boxes) as the goals for approach responses on a 


Particular trial. A starting signal would select es goal uc ipie e 
trials using that signal—was reliably associated with reward; once that set of goal 
Stimuli had been selected, the animal's task would be to produce a suitable approach 
response. This kind of arrangement would explain the faster learning of the "system. 
atic” groups in these experiments: for them (but not for the ` random groups) reward 
Was given in the presence of different sets of stimuli on trials with the two starting 

i would be able to select a different set of 


Signals. Each ting signal, therefore, 
Stimuli to ee " As it stands this explanation has two weaknesses. In the 
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first place it predicts that the “random” groups (for whom the starting signals would 
not be able to select different sets of goal-box stimuli) should have found learning 
impossible and not merely difficult. In the second place, it needs to specify far more 
clearly how it comes about, given that a particular set of goal stimuli has been 
selected, that an "approach" response is organized. n 
It should be pointed out that in two further sets of experiments no effect of dis- 
criminable goal-box conditions was found. One set involved successive discrimina- 
tion in a jumping stand, and the other successive discrimination between left and 
right in a horizontal maze using shock avoidance as reinforcement. These two 
experimental situations were intended to present rats with problems formally analo- 
gous to those described here. On the other hand, the present findings agree well in 
some respects with those of an experiment by Shepp (1962) in which the subjects 
were mentally retarded children. Shepp found that a successive discrimination 
(responding to the left for one pair of objects and to the right for another) was easier 
when the two responses had different rewards associated with them. The rewards 


can be seen as fulfilling the same functions as the discriminable goal-box stimuli in 
the present experiments. 


I should like to thank the editorial referee who drew m: : C 
AES ' attention to the experim 
by Shepp. The experiments reported here wi ya | or 
Cambridge, while I held a Scholarshi Were done at the Psychological Laboratory 


for Training i ical 
Research Council. It is a pleasure P tor Training in Research Methods from the Medic 
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THE BINOMIAL DISTRIBUTION OF RIGHT, MIXED AND 
LEFT HANDEDNESS 


BY 
MARIAN ANNETT 
From the Department of Psychology, University of Hull 


Right, mixed and left handers are found in binomial proportions in seven samples of 
varied subjects whose lateral preferences were ascertained by several methods. These 
Proportions have been obtained in previous studies of humans and animals when the 
performance of several actions has been recorded in complete samples and when consistent 
right and left subjects have been separated from those of mixed usage. 


INTRODUCTION 


The classification of varieties of handedness is a problem basic to all enquiry into 
lateral differences, their inheritance and their implications for the localization of 
function in the cerebral hemispheres. The simplest classification recognizes only 
two types of handedness, right and left. The fact that the majority of self-styled 
left handers use the right for some skilled unimanual acts is often attributed to the 
effects of diverse cultural pressures on the natural sinistral to use the right hand. 
On this view, left preference for any skilled one handed action is taken as evidence of 
basic sinistrality and warrants classification as a left hander. These assumptions 
Seem to have governed the majority of studies of the genetic and physiological con- 
comitants of left handedness and the "left" handers reported in the literature are a 
heterogeneous collection of individuals varying in degree and consistency of preference 


for the left hand. . 
A second classification recognizes three varieties of manual preference, right, left 
and mixed; the last usually involves a preference for the right hand in some skilled 
acts and the left for others but would include also the rare cases of indiscriminate use 
of either hand. This threefold classification has been made most often in work with 
children with developmental dysphasias and dyslexias (Orton, 1937; Ingram, 1960) 
and with the notable exception of Chesher (1936) has not been used until recently in 
descriptions of patients with neurological disabilities. The possibility that the mixed 
ander is a “basic biological variant" and not simply a shifted eg PT En 
Suggested by Gillies, MacSweeny and Zangwill (1960) who described left p z 
Writers preferring the right hand for actions presumably less subject than wri x o 
cultural pressures. If this is the case, many of the problems concerning l e x 
heritance and cerebral dominance of left handers might have arisen from a fai pes 
distinguish mixed from pure left cases. A classic Mendelian model of re gene T 
asis of handedness and hemispheric dominance has been used to suggest | Sd na : 
anders might respond differently from left handers to similar ks ra : 
(Annett, 1964). Pure right handers were supposed to be dominant pe 
aving two “genes” for right handedness) pure left handers recessive Rost es 
(having two for left) and mixed handers heterozygotes (having one “gene” for le tand 
9ne for right handedness). 


. Athird vi ification of handedness might be that all groupings, whether 
Into mm ee entail arbitrary divisions of a continuous distribu- 
ion of lateral differences. On the basis of Galton’s data on strength of grip, Woo and 
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Pearson (1927) concluded that, ‘‘Dextralit 
tives but quantities capable of takin 
into the other.” 

whose mode show 


y and sinistrality are not opposed alterna- 
g values of continuous intensity and passing one 
Differences between the hands formed a bell-shaped distribution 
ed the advantage of the right hand, but “the ordinate of this curve 
at zero difference occupies its proper place in the continuous series of ordinates” 
(Woo, 1928). Studies of handedness more often concern preference than measures of 
strength or skill. Distributions of degree of preference have been derived by several 
systems of scoring the numbers of actions performed with each or both hands (Hildreth, 


1949; tatoo zop ien and Zener, 1962). These distributions usually take the 
orm of a J with the anti-mode at or near the point of no diff. 1 preference 
for both hands. Although the distribu: rini E ^ 


f tions for strength and preference take such 
different forms, both appear to be continuous. Any classification of varieties of 
lateral asymmetry is therefore to some extent arbitrary. The purpose of the model 
referred to above was to su, age might be gained from a novel 
division at a variable point in the 
© extremes, the pure right and pure left 
S mixed handers. A monofactorial model 
ficient to illustrate the possible advantages 

t i ; ss 
may well be more complex, but this does ent ones. The genetic basis of handedne 


might occur, 
After collecti 

handedness He DM gd Samples, it was noticed that the three varieties of 

Predicted by the simple M 5 femal Proportions. These proportions woul 

YS expressed is ta model outlined above if the factor for left handed" 

he prediction had not, in fact, bee? 


cket 
of a 
P per Ü 


(ü) mized handers 
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(“Either” responses were not sufficient for mixed classification; right plus either responses 
were counted right and left plus either counted left). 

Data were obtained for three groups of university students, described in Table I, A. 
In each group, questionnaires were given out and requested to be handed in completed 
at a later date. All samples and particularly the last which was collected through the 
university post, fell short of 100 per cent. returns. 

Twins were excluded from these and subsequent samples in view of reports that twins 
are more likely to be left handed than the single born. Non-British students were 
omitted from University of Hullsamples. (Information as to nationality was not obtained 


for other samples.) 


B. Questionnaire 2 

A second questionnaire was prepared with the aim of giving as full an opportunity as 
Possible for mixed handers to be differentiated from consistent ones. Four more ques- 
tions were added to the eight used in the first questionnaire: (a) to deal playing cards, 
(b) to hammer a nail into wood, (c) to hold a tooth-brush while cleaning the teeth, (2) to 
unscrew the lid of a jar. Respondents answering consistently right or left for all actions 
Were asked what other skilled, unimanual actions, if any, would be performed with the 
alternate hand. s 

Individuals were classified as before. Acts said to be done by the otherwise non- 
preferred hand were in most cases ones usually done with ina hapa Such as hanging ad 
&ears, smoki ing k; two actions regarded as sufficient to place subjects in the 

eec as ord » and ‘wielding a cricket bat left handed. 


mixed ^ i t: 
category were playing darts is questionnaire, described in Table I, B, were complete 


Th i A 
ee a ote and returned immediately in class. The students 


Samples since the forms were comp! 2 3 7 
are different individuals from those completing the first questionnaire, except for a few 
Tepeating courses. The second sample is of a non-university population. 


C. Observed handedness 

„7 Observations of hand usage have been 1 
T he school children were observed performi 
Iur Ponses), (b) drawing, (c) throwing a ball, 


id of a jar. : 
The 2E Tents taking courses in psychology, observed one another during laboratory 


Classes performing the 12 actions used in the questionnaire. Mosk o! fie students had 
lled in one of the two questionnaires at least 3 months before the à 


TABLE I 
MIXED AND LEFT HANDEDN. 


made for two samples described in Table I, C. 
ng five actions: (a) pointing (to indicate choice 
(d) cutting with scissors and (e) unscrewing the 


ESS IN SEVEN SAMPLES 
INCIDENCE OF RIGHT, 


eren a En ee nn RE ee 
Right Mixed TL square 
N. per cent. N. per cent. N. per cent. HOUR 
A. Questionnai; 
: rex A 8 
* Aberdee 25° 2 (3-4) 35! 
First year N. observed 256 (75) 36-0 el! S Sum 
Psycholo; ” expected 2530 
su tology N. expec 
5 per cent. returns) 
?. Hull Psychol 27: 1 (50) 260 
(96 percent ^ Nroberved | xs. | 673 | 72, | €"? | "jus ae 
3, returns) N. expected 17r2 79 ya 
* Hull sample of all students R $ (25*9) (7) x 0:057 
54 per cent. N. observed 80 (71-4) PA 267 
returns) N. expected 797 9 
B. Questionnai (3:6) 140 
nai, 2$:7| 5 3 T 
* First Year N. observed 99 ten | 3. psa) | $y aag 
Psychology N. expected 977 2 
Students (32:3) 5 (8) 33 : 
5. Enlisted Men N. observed 85 (63:9) 46 32 0-012 
© b N. expected 852 
6. chonistration 8 (4:6) 173 
i LOO] il = ai 
Gora S M Rea | sor, | 8) | St, | 79 | ge on; 
N. expected 102:2 
7. Hull Hi seer : 1 (20) 50 
Stud dignours BSOHOIOEY 3 3i (62-0) m (36:0) a — 
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RESULTS 


The results given in Table I include both males and females since a ipe sa E k 

the sexes showed no statistically significant tengs E proportions 
up was slightly greater than that of females. " 

rcr ud the ation of individuals in each sample ue depen ES 
actions consistently with the right hand, all consistently with the left dn SA 
showing any mixture of usage. The percentages of those called Jett a ime 488 
those called mixed are larger than in many previous studies; this fo lows 
criteria of classification adopted for reasons described in the introduction. - 

The chief interest of the table lies in the fact that in every sample, the i aa 
numbers agree closely with those which would be expected on the assump andrs 
simple monofactorial model of the genetic basis of handedness; that is, if right ye. 
have two factors for right, left handers two for left and mixed handers one o ic Be 
type, the factors being combined in the Proportions 7?:27/:?. (For reasons ore 
mentioned later this model is in fact insufficient to account for the inheritance 


; se 
handedness; the point being established here is that the phenotypes occur in thes 
Proportions.) 


" ich 
The expected numbers have been calculated according to Levene's formula whi 


s has a low frequency (Li, 1961, p. 29). E. 

P I being used as an example. Let the fac 

Bo. 

£i = 2 right + mixed = (2 x 256) + 90 = 602. 

& = 2 left + mixed = (2 x 12) 
2G — Total factors in the populati 


calculations are made as follows, grou: 
for right be g, and the factor for left 


+ 90 = 114, 
on = 716. 


à 6-1 | : 
N. right expected — 2(2G—1) = 25301 


N. mixed ex T — 
mixed expected "aem 95:98 


N. left es a NM 
N. left expected 2(26—1) g'or 


-—- from 
mples do the observed numbers differ significantly 
samples the fit is extremely close, 


In none of the seven sai 
those expected and in most 


Discussion 


d 
: n 
Y requiring examination is that the binomial proportions 1o is 
t of the method of enquiry. It was to tes ation 
Te collected using varied methods of investig a 
» and varied subjects (students, enlisted me t 
In one sample, the observations were not made by the write gun 
by students in laboratory class. Another Variable was the number of action 
Volved; the first i i 
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involved in different samples. The only condition was that all acts should be per- 
formed consistently with one hand, right or left, and that all combinations be regarded 
as mixed. There seems no reason, therefore, for regarding the binomial proportions 
as an experimental artefact. 

It may be useful to consider briefly some of the conditions without which binomial 
Proportions would be unlikely to occur. One is the inclusion of actions varying 
widely in the degree of skill demanded of the left hand. Actions such as sweeping 
and unscrewing the lid of a jar must be used so that those with only mild sinistral 
tendencies are revealed; at the other extreme, the action of cutting with scissors is 
Tequired to distinguish those so strongly left handed that they must learn to use 
ordinary scissors (not special left handed ones) with that hand. Another condition 
Normally required is that complete samples of subjects should be obtained. In a 
Survey of a large number of students whose cooperation could be only invited, the 
Proportion of right handers was too small for binomial proportion; those with left 
tendencies more often volunteered. (One exception to this rule seems to be group 3 
In Table I; this group does not differ from groups 1 and 2 for several characteristics 
and it has been concluded that sampling factors are unrelated to handedness in this 
Case. A third condition of the appearance of binomial proportions is that the criteria 
of classification should be exactly those adopted here. In previous studies where the 
Criteria of right and left handedness have been more flexible, the proportion of mixed 


handers has been too small. . i 
. There are in the literature, however, several reports in which the basic data are 
Sven in sufficient detail for reclassification according to the present criteria. Clark's 
(1957) study of r2 instances of hand usage in Glasgow school children found 236 right, 
mixed and eight left handers. These numbers are almost identical with those 
Predicted (Chi square 0-006). Binomial proportions may be found also in data col- 
lected in the U.S.A. by Harris (1957) and by Merrell (1957). Sutton’s (1963) findings 
OT 772 Australians are in these proportions but not those for 257 Polynesians among 
Whom insufficient mixed handers were recorded. 

Finch (1941) found for chimpanzees and Warren (1953) for monkeys, that the 
numbers of animals using the left hand consistently (over go per cent. of trials) 
Squalled those using the right. In this case the binomial requires half the animals 
tested to be mixed handed: ambilaterals were 40 per cent. of 30 chimpanzees and 45 
Per cent, of 84 monkeys. In two studies of monkeys, Ettlinger (196r, 1964) found 
More left than right handers but in both groups the ambilaterals outnumbered either; 

€ numbers of animals in each handedness group early in training, but not ey 
€ end of training, follow binomial proportions closely (Chi square less than r for 
both Sets of data). i Cole's (1955) results for 60 cats also fit binomial expectations. 


There seems li doubt 
s little room for doubt, 3 ETA 
ascertained for sev eral actions in complete samples of subjects and when all individuals 
Owing mixed tendencies are separated from those who are consistently right or left, 
€ three varieties occur in binomial proportions. Whatever the factors may be 
Mr d, these factors are randomly combined in 


Which TO: i f each han 
5 Reptiation pce mes would seem that when both factors are present, 


jd are expressed in at least some tendency to use both hands in unimanual acts. 
ifferences between species in the proportions of individuals showing each type of 
Teference may be a to differences in the proportions of the two factors. Tend- 
“Ncies to use the left limb seem more numerous in animals than humans, but the rules 
ot combination of factors seem to be the same in the several species for which informa- 
ton is available, 
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There are some other aspects of lateral asymmetry in which So Suc wer 
tions occur at random. Merrell (1957) compared persons who w p Ai a 
or completely left handed on five tests for dominant eye. (Merre r i nini 
classification “mixed hander” but by subtracting these consistent ones from wee on 
group, the numbers of mixed handers could be deduced for the iw wien -— 
referred to above.) The right hand and right eye was dominant in 2 ? ( pen aA 
the left hand and left eye in rz (2:7 per cent.) and the dominance o PE etal pr 
differed in 121 (29:3 per cent.) These numbers are almost exactly in n fap 
portion and the percentages of each combination are remarkably sim 
found for the three varieties of handedness (Table I). 


is 
Another example of random combination of right and left, noted y Fe 
that among twin pairs. If the results of three studies cited by Fuller ant acm fond 
(1960, p. 159) are added together, the numbers of R-R, R-L and L-L pairs was The 
to occur in binomial proportions for both monozygotic and dizygotic B is free 
proportions of each kind of pair are not unlike the proportions found here for 
kinds of handedness. 


ies in individuals, 
The observation of random combination of right and left tendencies in indivi 
of right and left hand 


À AE the 
o the many kinds of environmental pressure, from social prejudice E 57): 
design of tools, which would tend to induce dextral habits (Burt, 1958; Clark, 19. 


i ders 
encies of some mixed han 


H nr 
tions from sample to sample. The discovery of Pure left handers who are as C 
sistently left as most right han 


negativism." Even if aiem 

still be required of the stable proportions of negativ? 
from sample to sample and especi i iron- 
represented by mixed handers. The main Problem presented by theories of es 
mental influence is the difficult w such influences coul SEU 
produce an assortment of factors which is so random that it repeatedly and eX? 
obeys the laws of chance. 

A random assortment of factors of similar fre 
Seem more likely to be the Product of a 
r theories of t 
zygotic twins. 
nation of hande: 


uld 
quency from sample to sample vel al 
genetic mechanism than an pct 
he inheritance of handedness is the obS ay 
There is no doubt that inheritance P e 


s in the present enquiry include several mixed handers- 


" H ation 
ation of right and left tendencies found here for one gene ance 
; no more that the simple monofactorial model of inhe 
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described in the introduction. Genetic theories need to be tested on more than one 
generation, however, and sufficient families have been collected by the author to 
show that the simple model cannot account for the facts, even when mixed handers 
are differentiated in both generations. It would seem that the discovery of binomial 
Proportions under the guidance of a model which would predict them must be attri- 
buted to serendipity. Binomial proportions of phenotypes can arise from several 
Polygenic foundations as well as from monogenic ones (Li, 1961, p. 129). Their 
Tepeated occurrence in so many studies, both human and animal, encourages the 
search for a genetic basis for variations in lateral asymmetry and the belief that the 
Separation of mixed handers from consistent ones is an essential first step. 


This work was supported by a grant from the Spastics Society. I am grateful to 
Professor Elizabeth Fraser for facilities at the University of Aberdeen, to Professor A. D. B. 
Clarke for those at the University of Hull and to Mr. S. W. Hobson, Chief Education Officer 
to the City of Hull, who kindly permitted the examination of school children. I am in- 
debted to Mr. A. Royse for his interest and advice on the analysis of the data. 
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SHORTER ARTICLES AND NOTES 


LEFT-RIGHT DIFFERENCES IN AUDITORY MEL. 
OF VERBAL AND NON-VERBAL MATERIAL BY CHILD 


BY 


DIRK J. BAKKER 
From the Paedological I nstitute, Amsterdam 


t 
: A ioi rever were no 

to the left ear than when presented to the right ear. Series of digits ye Ee ear for 
retained better via the right ear than via the left ear. The spect of uadratic rela- 
non-verbal material decreases with increasing age. For verbal material a q 


was established. 


is via the left ear (Kimura, 1964). 


: enetic 
This ear asymmetry has—as far as we know—not yet been investigated in a £t 


context, as contrasted with other as 


n erally 
Differences between boys and girls in connection with lateral dominance are gen 
not found (Belmont and Birch, 1963). 

Kimura (1964) 


whils 
mmetry between the ears appear of this 
: i asymmetry was found. A possible explanatio 
phenomenon I5, according to Ki i 


the 
om 
» that dichotic presentation demands more fr: 


Subjects METHOD 


five or six digits. 
by a buzzer These seri : ies and SO 
: Or fiv . Digit series a 
on auis c , € elements g 


hannel 
separately via an earphone, The el tape Tecorder a; 


A Teproducti ioi 
reproduction of Sound patterns was dE n ion of digit 


pild 
The sequence in which the children were test ly, one © ted 
: 5 ed . Alternately, ste 
was tested, using first the right ear, then the left DE followed Ey a child who was a nd 
using first the left then the right ear, € order of Presentation of digit series and tte 
patterns was random, except that the shortest Series (four digits) and smallest pa 
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(three elements) were always presented first. The tester made certain that the testee 
understood the instruction by means of three training trials. A response was only scored 
as correct when a digit series or sound pattern was reproduced entirely correctly. 


RESULTS 


The retention of digit series was not significantly better via the right than via the left 
gar (z = o-51, $ = 0-30 one-tailed). The retention of sound patterns was significantly 
better in the case of input via the left ear than via the right ear (z = 2-01, = 0-02 one- 
tailed). Fifty-three children (28 girls and 25 boys) obtained better results in reproducing 
digit series presented via the right ear, 47 children (22 girls and 25 boys) obtained better 
results via the left ear. This difference is not significant (z = 0:50, p = 0-31 one-tailed). 
With the reproduction of sound patterns 59 children (32 girls and 27 boys) obtained better 
results via the left ear, 38 children (17 girls and 21 boys) better results via the right ear. 

his difference in numbers of children, who achieve better results in the reproduction of 

non-verbal material presented via the left than via the right ear, is significant (z = 2:04, 
= 0°02 one-tailed). A 

As can be seen from the above mentioned figures, a marked difference between the 


results of boys and girls was not found. 
FIGURE 1 


Medians of the right minus left scores 


--- non verbal, ——verbal 


i i -individual right minus 
m for the medians of the intra-indivi 
poise dd analysis (Ferguson, 1965, Ch. e is hes 
i nt (z = 3:42, P = 0:0007 two-ta: i 
ees x uA AE approaching the 5 per cent. level of 


In Figure 1 a 

` e trends 
wit differences, A nonpara: 
no; *rial a very significant qua 
si D-verba] material a linear component was 
Bnificance (z = 1-95, p = 0051 two-tailed). 
Discussion d 
i i i - terial markedly 

Childr i e perceive and retain non-verbal materia arked 
better by mu ye Aen m. therightear. This result was obtained an spite 
M the fact that the g'mlation of the ears took place separatci ded WE Fi tenipurel 
u oreover this finding is in accordance with Milner's Ae os id on a one lo expecta 
Obe is domi i -verbal material. - 
T nominant in the auditory perception os presented to the right ear than 


tion lts when d 
to the epg ihaterial produced no E bal material (digit series) was too simple 


ear. It is conceivable that that too small an appeal was 
y i i so tha 
mauPared with the non-verbal material (sound patterns) oe eee ee ned 
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ear. With increasing age however this changes in favour of the right ear. Using beer 
material better achievements are obtained at an earlier age with the right than w m hus 
leftear. This changes fairly soon in favour of the left ear until after the age of 10 w eer 
right ear takes the lead again. On the basis of this investigation it cannot be aren 
whether the separating trends after the age of ro are continued later in age or not. ete 
this be so, then the age of 10 could be regarded as the critical stage at which ear asy: 


al 
metry becomes consistent. Such critical ages have been found for other aspects of later 
dominance (Belmont and Birch, 1963). 
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KINAESTHETIC JUDGEMENTS OF THE DIRECTION OF 
LINE BY YOUNG CHILDREN 


BY 


RAY OVER and JOAN OVER 
From the Psychology Department, University of Otago 


The ability of young children to make kinaesthetic judgements of direction of line has 
been studied under recognition and detection conditions. Some children were not more 
accurate than chance when they were required to indicate the same one of a pair of mirror 
Image oblique lines over a series of trials; these children could, however, detect whether 
two obliques were oriented in the same direction or in different directions. These latter 
data Suggest that the poor recognition of mirror image obliques arises from deficiencies in 
Spatial categorizing and not in input coding. This conclusion is supported by the finding 
that children who performed poorly on the kinaesthetic recognition of obliques performed 
Poorly on the visual recognition of these figures. 


INTRODUCTION 


The visual discrimination of shape by young children has generally been studied by 
Presenting a child with two shapes and requiring the child, on each of a series of trials, to 
Point to the shape designated by the experimenter as “correct.” , It has been found that 
the young child (Rudel and Teuber, 1963; Over and Over, 1967), like the octopus (Suther- 
land, 1957), does not perform this discrimination at a better than chance level when the 
two Shapes are mirror image oblique lines. Both species, however, readily discriminate 
between a vertical and a horizontal line. k 

Data on the discriminability of shapes have been used to develop inferences about the 
Operating characteristics of neural mechanisms by which input from a shape is analysed 

Dodwell, 1957; Deutsch, 1962; Sutherland, 1963). It has been suggested (Over and 
Over, 1967), however, that it may not be valid to interpret data obtained by the method 
described above in this way in that poor discrimination may occur through the subject 

1 to trial the spatial properties which define the shape 


eing unable to remember from tria A ie a E 
associated with reinforcement rather than through the shapes generating similar signals in 


e visual s i isual measures it has been found (Over and Over, 1967) that 

many young. dede um unable to discriminate between mirror image obliques when 
tested by the method described above (hereafter called the recognition method) are readily 
available to detect whether two obliques line are identical or different in orientation. 
Accordingly poor discrimination under recognition conditions cannot be interpreted as 
indicating that mirror image obliques looked to be similarly oriented to the children. 
lim: the poor visual recognition of mirror image obliques by young children arises from 
imitations in the system by which information relating to spatial orientation is remem- 
bered, it might be expected that young children would find the kinaesthetic recognition of 
Mirror image oblique lines more difficult than the kinaesthetic recognition of the vertical 
and horizontal They should, however, readily be able to judge whether two obliques 
i3spected kinaesthetically are identical or different in their orientation. These expecta- 
7ons are examined in the present experiment. 


METHOD 
Subjects 


6 Sixteen children, whose ages ranged 

alec I month), were used as subj 

wer ntary school and were rate 
Te eight boys and eight girls. 

Abparatus 

strip, ach shape used to obtain visual j 
.^ 3in. long and }in. wide, to a 5 

suis. 3 in. long, 1 Dh wide and 4 in. high, and glued t 
muli for kinaesthetic discrimination. 


from ears 6 months to 6 years 5 months (mean 
b The children were selected from a public 


d by their teacher as being of average ability. There 


udgements was made by attaching a black plastic 
-in. square of white opaque Plexiglas. Wooden 
o hardboard squares, were used as 
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Procedure 


i ici of the chil- 

Each child was initially required to make kinaesthetic ar Varie le condi- 
dren were tested under recognition conditions before being teste bt HE a tal and 
tions, and within each method half of the children were tested w ^ um e of testing con- 
vertical before being tested with the mirror image obliques. ack estive trials or 
tinued until the subject either was iia = pct maa on nin = 

d 40 trials without reaching this criterion. beneati 
Ena d were not blindfolded but were required to place bigs Da always 
curtain and to feel the shapes. Under both testing methods two = ape ther over the 
present and the child was allowed to move one hand over one shape an AES 8 in. 
other shape before making a judgement. The centres of the two vor ve in their o rienta- 
apart. Under the recognition conditions the two shapes always dif ere sonics: The 
tion (one was horizontal and the other vertical, or they were mirror imag od selecting the 
child was told that selecting one of the shapes would always be "right" eus it on each 
other “wrong” and that his task was to find the correct shape and to in cet. The rela 
trial After each judgement the child was told whether his choice was pt was no 
tive positions of the two shapes were varied over trials such that a given en figure W 
correct for more than two successive trials. For each pair of shapes, ight” for the 
designated "right" for half of the subjects, and the other figure was 8 "- 
ining subjects. i ` g. bo 

"Unde detection conditions the two shapes were of the same orientation (e Pd the 
vertical) on half of the trials and were differently oriented (e.g. one dd Ted shape? 
other vertical) on half of the trials. The child was required to judge whether t was correct 
were the same or different and on each trial he was told whether his j judgemen s category 
The sequence of presentation of the stimuli was arranged so that a given respon: 
was not correct for more than two consecutive trials. ted for the 

After he had completed the kinaesthetic judgements each child was tes 


A es were 
visual recognition of mirror image obliques. Two plaques displaying the shap 


r 
Š s T = manne 
presented 2 in. apart and their relative positions over trials were varied in the 
described above. One of the obli 


ildren a? 
ques was designated “right” for half of the childr 
the other oblique was correct for 


; ether 
the remainder. On each trial the child was told wigi 


Paar ` A A 2 f ccess! 
his judgement was correct. Forty trials were given unless the criterion of nine SU 
correct trials had earlier been re; 


ached. 
TABLE I 
RECOGNITION AND DETECTION MEASURES or DISCRIMINATION 
Tu c Dau "Ln ———— X su 
Horizontal and Mirror image 
vertical obliques 
Mean SD Mean SD 
Kinaesthetic F I 
recognition P 12:33 5:94 b yor 
E 2:69 5:00 9:94 8-09 
Kinaesthetic F o 
i I 
detection > 13:38 548 18:87 8-41 
194 2:51 5:00 472 
Visual F 
recognition P ian 3:98 
E 6:56 7°95 


— HE |) NN 


F—subjects failing to reach criterion withi ials; 
P—trials required vh eder 


by subjects who ri h jen 
E—errors made by all subjects. PERENNE 
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RESULTS 


Table I shows, for the two sets of shapes and the two methods of judgement, the 
number of children who failed to reach the criterion, the mean number of trials required 
by subjects who attained the criterion, and the mean number of errors made on each trial 
s all subjects. Data on the visual recognition of mirror image oblique lines are also 

own. 

Only one child was unsuccessful on the kinaesthetic recognition of the horizontal and 
the vertical, and no child was unable to judge whether a horizontal and a vertical line were 
Similarly oriented. Seven of the 16 children failed to reach the criterion of discrimination 
image oblique lines; only one of these five children 


on the kinaesthetic recognition of mirror i 
was, however, unable to judge whether two oblique lines were oriented in the same or in 


different directions. These differences between recognition and detection data are similar 
to those found for visual discrimination (Over and Over, 1967). A close relationship was 


found between measures of the kinaesthetic recognition and the visual recognition of 


mirror image obliques. All subjects who were successful on kinaesthetic recognition were 
also successful on visual recognition. Six of the seven subjects who were unsuccessful on 
kinaesthetic recognition were also unsuccessful on visual recognition. Subjects who failed 
to reach the criterion of discrimination for a set of figures were generally correct on only 
half (mean 22-93, c 2:58) of the 40 trials. Only one subject was correct on more than six 


successive trials on a task on which he failed to reach the criterion. 
analysis, by ¢ tests for correlated means, is made of the 


, Similar trends are seen when an oF ETE 
errors" data shown in Table I. Under recognition conditions significantly more errors 
(t = 3-21, d.f. = 15, p < 005) were made in judging the oblique lines than the horizontal 
and vertical lines. Although Table I indicates that subjects who reached the detection 
criterion with both sets of shapes made more errors with oblique lines, the difference 
between the two sets of shapes in mean errors made is not significant (f = 1:57, d.f. = 


14, p > 0:0 igni tly fewer errors (t = 2°15, df. = 15,P < 0-05) were made under 
5). Significantly tew ( ue lines. For the horizontal and 


detection than recognition conditions with the obliq ne d Bc 

Vertical lines the mean difference in errors between recognition and detection conditions 
Was not significant (! = o'8o, d.f. = 15, P. 7 0705). 

Significantly de errors (t = 2:62, d.f. = 15, p < 0:05) were made on the visual than 

z mirror image obliques, and fewer trials were required to 

Teach the criterion. It should be noted, however, that all subjects made visual judgements 

1 udgements. The difference in results may reflect the 

effects of pri : ot indi ildren find these shapes more difficult 

ipd LM" and aray S i isual modality. The present experiment 

as been primarily concerned wit iscriminability of different shapes and 

does not provide data on the above issue. 


DISCUSSION 
Young child: e kinaesthetic discrimination of mirror image oblique lines to be 
more difficult e m peeecerm discrimination of the vertical and horizontal under 
recognition, but not under detection While seven of the 16 subjects did not 
exceed chance accuracy on the recogni ne failed to reach the criterion 
of nine correct judgements in succession with hen tested m m 
Hess Shapes. Poor performance under recognt ecu e i SUR 
» pee bur oed. apime ditions has i dicc cem ler cen dns 
iti nditi 
een) performance under recognition ee ffered in orientation; the 


thing mo $ resented di 
aaa than being able to feel that the shapes P E A : tt y 
abilit T E 3 istics (the spatial orientation) of the “correct 
Poker iuda drm! CEREREM pedis that subjects who perform poorly 


Shape fro i 

e from trial to trial also was necessary- 1 : 

ea kinaesthetic recognition with mirror image obliques also Lepr Ton i.d bini 

recognition with these shapes indicates that the discrimination > Se aera zante th ES 
Cognition c iti i trolled by processes which are modality- t 1 

E Ii E sible that y kng children categorize and remember directional 

Information by usin: "b body as a frame of reference. Many young children find it 
ifficult to ver SIDE which side of the body is left and which side is right but experience 


no such di i 5 head) and down (the feet). 
difficulty in remembering uP oor ere the same processes may underlie the poor 


. Rudel and have suggeste 3 
Visual recogni M cens a: 7903) une neque lines by the young child and the octopus. The 
Mability of the octopus to discriminate between obliques (Sutherland, 1957) has generally 
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š " isms 
been attributed to the operating characteristics of input coding and analysing T ere di 
in the visual system and brain of the octopus (Dodwell, 1957; Deutsch, eee the present 
1963). Data on the visual detection of obliques (Over and Over, 1967) an dsenients b 
finding that there is a close relationship between visual and kinaesthetic ju E ranas be 
direction indicate that the poor visual recognition of obliques by young children = Wis 
explained in these terms. It is possible that the poor visual recognition of in spatial 
obliques by the octopus also arises from deficiencies in the system by whic recogni- 
information is remembered. Whether this is so can be determined by comparing DEO 
tion and detection measures of discrimination. Unfortunately all available ph dures. 
discrimination of shape by the octopus have been obtained by useof recognition proc 
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PERCEIVED DISTANCE IN IMAGINED SPACE 


BY 


WILLIAM EPSTEIN 
From the Department of Psychology, University of Kansas 


An experiment was designed to determine whether, in the absence of distance-cues, the 
perceived distance of an object is regulated by the imagined space in which the object is 
located. Judgements of distance and size were obtained in a completely reduced situation. 
Preceding these judgements, the subject engaged in 5 min. of visual exploration of the 
interior of an oblong box. The length of the box differed (3, 6 or 9 ft.) for different groups 
Of subjects. The different pre-exposure conditions were expected to produce differences 
in the dimensions of the imagined space that the subject introduced in the subsequent test 
: These differences in imagined space should lead to differences in the perceived 
distance of a single object located at a constant distance. Significant differences were 
Obtained in the expected direction. In addition, judgements of the size of the standard 
tended to co-vary positively with the distance-judgements, suggesting that the effect of 
imagined space on judged distance was not simply the product of experimental biasing of 
the response system. Some methodological and theoretical implications of the findings 


are considered. 


session. 


INTRODUCTION 
At what distance does a single object appear to be when all of the recognized deter- 
For example, when a nonrepre- 


minants of perceived distance have been eliminated? xan 
ted in total darkness, and is viewed monocularly from 


Sentative fluorescent figure is presen 1 I 
a distance that E the eflective distance for the accommodation reflex, the figure will 
j It will not be mistaken for an after-image, nor 


dimensio i i ce are : Secs 
that is i ee pum to the test. (The studies of the moon illusion by Gruber, 


Kin i this assumption.) Therefore, an experiment was designed 
to cbe by oH by manipulating the dimensions of the immediately pre- 
ceding visible D It Tus expected that perceived distance and perceived size would 


Vary systematically as a function of the different pre-exposed spaces. 


METHOD l 

uate students were assigned to three experimental condi- 
ir arrival in the laboratory. | : 

se Lo ae 10 ft. long and 20 in. in width and height. 
and the location of the back wall could be varied at will. 
th a regular, checkerboard, black and white, except for 
The stripes demarcated 1-ft. intervals. Twenty- 
buted about the box, attached to the interior 
re randomly selected from the numbers 1 to 


Apparatus. An oblong box was cons 


`j f OGY 
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ield that blocked 

i i c ed filters. Vision was monocular, due toa shie ; rovidédi 
sa OE rr agen dn eye. Two alternative lighting oar ga oe ane Case 
(1) normal incandescent illumination, and (2) ultraviolet illumination. 
only fluorescent surfaces could be seen through the red filter. li sacs prepared. Seven 

In addition to the viewing box, a set of size-comparison Fama T DS aise ranged 
aluminium circular discs were glued to a smooth oblong strip o. y Es NA order 0 
in size from 13 to 37 mm. in steps of 4 mm. They were arranged i 
size. Adjacent discs were separated by interspaces of 1 ini d. He was seated at the 

Procedure. The subject entered the room with his eyes closed. the incandescent light 
front of the box, and remained in total darkness for 2 min. Then, dues For the next 
was turned on, and he looked into the interior of the well-illuminate ar called out the 
5 min. the subject performed a target-location task. The Eg ehe Ss location. 12 
number of a marker, and the subject located the marker and descri s of the box, the 
order to maintain the subject's alertness and guarantee full be cca ihe box. The 
experimenter included several numbers that were not actually presar E engths 
task was the same for all three experimental groups. Only differences be of the back wall, 
of the viewing-box distinguished the groups, By adjusting the position " 
three lengths were obtained: 3, 6 and 9 ft. . , and 

Following the 5-min. Pol period, the incandescent lights were tum Gf Under 
ultraviolet tube was turned on. In addition the subject's head was immo timate of the 
these conditions, he made two kinds of judgements. He gave a verbal is ter, and was 
distance from his eye to a fluorescent disc. The disc was 25 mm. in diam i iu subject 
located at a distance of 6o in. at eye-level. Following the distance-judgement, 


tie bject use’ 
judged the size of the fluorescent disc. In reporting the size-judgement, the sud) 
the series of comparison discs. 


he discs, 
The experimenter described the are ri second 
and informed the subject that the second smallest was the size of a dime, while d that the 
largest was the size of a half-dollar. However, the subject was clearly informes iere to 
standard disc was not intended to represent a coin. He was also explicitly P kon disc. 
reject all the choices and offer his own, e.g. “smaller than the smallest compar!* iparison" 
He was instructed to make a tactual match of his visual size-impression. The Contirely by 
Series was never available for visual inspection. The match was selected en s 
touch. i 
The instructions solicited reports of the subject’s phenomenal impressions wem 
and size. He was asked to report “the distance at which the disc looked to 
mediate perception. 


2 xc ft na. 
; . Base your response on your first impression of distance. A 
phrasing was used in requesting the size 


stance 
in im- 
ogous 


-judgements, 
Dist REsuLts «posut 
tstance-judgements. Th " 3  pre-exposu 
conditions was on is (SD mean distance judgement for the 3, 6 and 9 ft. p 2 37) 


» 42-90 in, = yaar) and 9244 (SD = ee 
he difference between d goin. (SD = 13-71) and 72:45 


3407 

he means is highl significant (F, 2/57 “mate! 

< o'o01). Of the 20 subjects who wi D z y n Airone es se 
the distance of the Standard to be greater aia. Pon Go es 


re 
36in. Of the 20 subjects who we there 


i i there were ? 
ceeded 72 in, eding 108 in., however, the i i 
zum T the comparison chosen to match the Dp 6 j^ 
ire c i mi ; the gm . i 
onditions, respo. 3) and 25 mm. (SD = 6-63) for x 


S i i EX e mea 
= IO'51,p < ton elg. The difference between th 


ta 10* 5 
i i ancc-estimates, Although the data ^. wz 
for increases in jud Te often inconsistent, the Seneral trend of the iidtment mea 
: With increases in judged distance- 


-o jate 
Imagined space was manipul 
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varying the length of the pre-exposure alley, with the expectation that distance-judgements 
would exhibit corresponding differences. The results confirmed this expectation. The 
fact that the variations in judged distance were accompanied by systematic variations in 
judged size, increases the likelihood that the distance-effects are localized in the perceptual 
system, and are not simply artefacts of induced response bias. Admittedly this latter 
argument is not conclusive. However, even if we accept the more conservative conclusion 
that the dimensions of imagined space merely serve to establish response preferences, there 
would be certain implications of importance. f 

The most obvious implication is for the methodology of experiments that arrange dark- 
room conditions to eliminate the visual cues for distance. The validity of this procedure 
will depend on the care that has been exercised to nullify or assess the effects of imagined 
space. There has always been an unarticulated recognition of this requirement, which is 
reflected in the widespread practice of preventing visual exploration of the laboratory 
room prior to the experiment, e.g. à subject is blindfolded before entering the room. But 
this procedure may only lead to uncontrolled effects of imagined space, rather than the 
nullification of these effects. 1n many cases, a more desirable procedure may be to expose 
all subjects to a common pre-test space, thus bringing the dimensions of imagined space 
under experimental control. This control will allow the effects of the experimental 
variable, e.g. variations of known size, to be exhibited more clearly. Gogel's (1964) 
review of the investigation of size as a cue to distance provides several examples of studies 


that might be improved by taking into account the effects of imaginary space. 
for a question that arises in evaluating the size- 


. The findings may also have relevance 
distance invariance hypothesis (Epstein, Park and Casey, 1961). What accounts for the 
visual angle matches that are obtained when all of the conventionally designated distance- 
cues have been eliminated? A number of investigators (e.g. Gogel, 1964, 1965; Wallach 
and McKenna, 1960) have contended that the retinal image size of a single object conveys 

t of perceived distance is operative. 


no information about its size, unless some determinan 
Therefore, in explaining the classical Holway-Boring results for the completely reduced 


condition, Gogel and Wallach invoke an "'equidistance tendency” or a subjective assump- 
tion of equidistance, which results in the apparent equidistance of the standard and the 
Comparison. If a tendency towards equidistance prevails, then the visual angle matches 


can be derived from the size distance invariance hypothesis.* The present experiment 
cy towards equidistance could come about. 


illustrates one manner in which this tenden 4 
In experiments that involve a match between a standard exposed under reduced conditions 
and a comparison exposed under full-cue conditions, there will be a tendency for the unseen 
Space surrounding the standard to assume the dimensions of the visible comparison space. 


The standard is then judged to be at a distance that is appropriate for the dimensions of 
the imagined space, dium enang that the judged distance of the standard and the com- 
Parison will not differ greatly. 

* Rock and McDermott (1964 


H This research was supported by 
ealth of the United States Public H 


) challenge this analysis and offer an alternative. 


Grant MH 4153 from the National Institute of Mental 
ealth Service. 
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RAININ F 
REDUCTION O 
G OF FAST TAPPING WITH - 
ueni TACTILE, VISUAL AND AUDITOR 
SENSATIONS 


BY 


JUDITH I. LASZLO 


i i 7, Australia 
From Department of Psychology The U niversity of Western Ar 


; ompression 
Tained to tap on a light Morse-key pura eig sre 20.584 
block. The training sessions lasted for 40 sec., with a5 ag ofnormal p 
Work period, The Stoup learning curve reached p Pepe am subjects tapp r 
by the eighth training session, In the aith. T ing = kinaesthetic à a Xr 
i i t of the traini ition Donen in the testing session 
impairmen 


, but tbe 
e subjects, e 
The sixth subject Was trained in the same task as 3 i uen channels 
raining condition included elimination of cues from a rit RE EA of 
Teached 79-09 per cent. of his normal tapping performance 
These results show tha’ 


kinaesthetic cues 


* Furthermore when the subj 
Peripheral senso 


Ty cues connected with the on 
These findings lead to the 


In previous studies 
Sensation in the 


tapping on a Morse key, 


from ie 
tal absence of peripheral d that th 
elford (i Summarizing the relevant literature prop 
effector mechanisms are capable of 
a single unit. These uni 


ies 
: H the ser 
Carrying out Series of actions, treating 

nits may be 


ssing 
mple movements such as pres?" "rhe 
releasing aM 


ector mechanisms 
€ response, 
The following Study w. €d to test these h 
of training, under Conditions of Senso; i 
Specifically, the follow; 
4) Cana Skilled mot, 
of kinaesthetic 
(b If training w. 


t 
fiec 
the € 

as design, ypotheses directly. a pale n 
Ty deprivation, in tapping skill was in jon 
NY questions v conditi? 
Or act b €d when 4 Subject is trained under the 
Sense reduction ? 


as effective, to what exten 
Superimposed o 


+e 105° 
tive 
x tcana Subject tap with exterocep fe 
n kinaesthetic and tactile Sensory reduction ? impairme 
() Can į earning of tapping fake place if a subject is trained with sense i 
of all Televant modalities? 


Nerve co; 


METHOD 
Mpression 


«ects 
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ensation, “Five of th i 
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on a light Morse-key, with visual and auditory feedback intact for eight training sessions. 
In the ninth session, visual and auditory sense reduction was added to kinaesthetic 
impairment. The sixth subject was trained in the same task but, in his case, throughout 
all training sessions sensory cues from kinaesthetic, tactile, visual and auditory channels 
De eliminated. Tactile sensation was lost in all subjects in the course of the compression 
ock. 

The weekly training sessions lasted for 40 sec., with 5 sec. rest after the first 20 sec. 
Work period. "Performance was recorded on a modified Electrocardiogram. 

Subjects. Three male and three female subjects were used. Two were members of 
the staff and four were students of the University of Western Australia. 

Apparatus. Sphygomomanometer, light Morse-key, modified Electrocardiogram, 
recorder, earphones, masking tone generator and stopwatch were used. 


PROCEDURE 


Subjects were tested in individual sessions. In the preliminary session each subject 
Was asked to tap on the Morse-key for 20 sec. as fast and as evenly as possible to obtain 
his normal record. Compression block was then applied, to familiarize the subject with 
the procedure. The compression block procedure is described in detail in a previous 


Paper (Laszlo, 1966). p , . 
Each Subject came once a week at a set time. The first five had eight training 


Sessions and an additional testing session. In each of the training sessions, the subject 
underwent compression block procedure, and when kinaesthetic feedback was no longer 
Perceived, tapped for 20 sec. on the Morse-key. Without shifting his finger off the key, 
he rested for 5 sec., and tapped for a further 20 sec. Ta , . 

In the testing session procedure was similar to the training sessions, except in regard 
© sensory control. Here, in addition to the kinaesthetic and tactile sensation loss, 
Visual cués were eliminated by shielding the subject's hand from his line of vision, and 
auditory feedback was cut out by a masking tone, applied through a pair of earphones. 


FIGURE 1 


Percentage of normal 
JN Mean size of tap groups — — — 


Percentage of normal 


40 — - 
o / 
E re 
3 D 
E / 
c 20- / 
3 / 
So poz pod. 
`w 
L 
oL L—1— 2 E = = 7 8 No feedback 


No. of training sessions 
Performance of five subjects trained without kinaesthetic sensation, 
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i i in procedure to 
The sixth subject had seven training sessions. These were identical in p f 
e six n i 
s B ther five subjects. : "—— 
the UH dapi levius was taken as the number of eed mer be hs of the 
e sc = : 7 ed, ep ; f ke 
i d work period score was recor d PER 
Either the first or the secon à Lag quee que E 
: The higher score was chose b pana sedie ein 
EH aden ieved i articular session. The small variation be à 
of the learning achieved in any p a db tivational fluctuations. "- 
d could possibly be cause y moti cud 
idt Er A aA was pete by counting the taps that d 
l = Siete oe a group of taps. The mean group size was then ca 
closely, i.e. 


RESULTS 
The results for the first five subj 


tin 
cremen 
ects are expressed as mean performance de 

Figure 1. 


ed 895 
sessions shows that performance reach 


cent. O 
rial Performance dropped to 40:9 per K 
p E d 
rmal in the testing session. . parral 
F^ The owe curve on Figure 1 shows the mean number of taps grouped in ea 
session. Its slope follows the learni 


TABLE I 
TREND ANALvsI 


S OF MEAN Tap Group SIZE OVER 
EIGHT TRAINING SESSIONS ron FIVE SUBJECTS 
Source of Sum of F 
variance squares d. f. Mean square 
Se HMM, — — +386 
Trials (T as 3944-069 7 563:438 ds 
Subjects (S) e 2571:216 4 642-804 
SXT .. 11385-897 28 406-639 —— 
we erc dies: MNA -n 
Total E 17901:182 39 


A second trend analysis, omittin 
Shaped curve, it 


influenced the 


rainine 
i » aS compared with the rest of the (alu 
trials. The F value, 5:83 is significant on thi 
from table of F value: 


S FOR Five SUBJECTS 


Source of Sum of F 
variance Squares d. f. Mean square 
: ————— | -83 
Trials (T) aus 8957-11 6 1492:85 ? 
Subjects (Ss) 242143 4 605-36 
SxT .. : 6148-41 24 256-18 
| 
Total 


17526:95 
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8 
di 


E 
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No. of training sessions 


Performance of one subject trained without peripheral feedback. 


T The results for subject 6, who was trained in fast tapping in the absence of kinaesthetic, 
actile, visual and auditory sensations are presented in Figure 2. This shows that 
“ining in the absence of all perceived sensation did give a performance of 79-09 per cent. 
of normal, The mean group size curve does not follow the learning curve as closely as 


M Figure 1, but still shows a trend of increase in group size. 


DISCUSSION 
. The results show that in the absence of kinaesthetic sensation subjects undertaking 
“ight training periods can reach 89:50 per cent. of tap numbers recorded under normal 
Conditions. One subject trained with peripheral sense impairment in four modalities 
Teacheq 79:09 per eh of normal fast tapping in the seventh training session. It was 
also found that with the advancement of training, taps were grouped into groups of 


&radually į È à 

y increa 3 " 3 3 

it was ne rae (Laszlo, 1967) that, in the absence of kinaesthetic sensation, 
Cutting Out a single exteroceptive channel does not result in further performance decre- 
E land auditory sensation, with intact kinaesthetic 


ment in fas c 4. 
tt th visua. 1 
S er eee a EC atall. Thus the loss of kinaesthesis was found 


Si . 

to sation, does not impair perform uem daliti 
ts ause the greatest performance decrement when compared with the ot! er modalities 
in ted. hen all sensory channels were blocked there was further substantial impairment 
im Performance, The question arises whether, in training to tap in the absence of 
‘Maest etic information, a subject learns to rely increasingly on exteroceptive modality 
, Inspection of Figure 1 shows that in the testing session 
ted, performance app ee per pate of mye 
C ementi i ss than the decrement shown by the 10 subjects in the 
hocvious ttd mp ura to 29:0 per cent. of normal. These 10 subjects were 
trained, The difference from 29:0 to 40-9 per cent. performance in the absence of 


r 
o j 
wi Tecruit central processes. 


ere all s M. oi 
"hi n ina 
This qe, Sensory cues were elim 
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z are 
relevant feedback for the we i snips appe poe ag that central processes 
i i itori e S under this Y 3 PE 
Eo re acing GE in Figure 2, the increase in the number of taps as training 

nnot be explained by any other but central factors. | . ‘ted 
a and subject oes used phe as the question raised—i.e. is relearning » m me d 
motor task possible without peripheral feedback ?—was answered by the resu 

3)- i n 
c es had no knowledge of his performance at any of the work pes E. 
fact, as soon as he stopped work he asked whether he tapped at all. e When 
experimenter that he was giving himself instructions to “‘lift and push”’ his m EE did 
asked to say the instructions aloud in Session 4 it was observed that the instruc et Es 
not coincide with his tapping. These observations show that the subject was e 
consciously perceiving sensation from the periphery, nor controlling movement 
these training periods. : VT. 

While no neurophysiological knowledge of the exact mechanism of the cen Sd de 

cesses is as yet available, the present study gives some possible indication as to mar 
in which these processes enhance learning. The mean group size curve in Figure 1 S ont 
a near parallel increase in the mean size of the tap groups and performance incre. the 
As central processes seem, in fact, to be involved here, it is possible that the size t the 
“units” (Welford, 1959) of the skill are increased as learning progresses. That is, & 


I ^ x E 4 ore! 
commencement of training under impoverished sensory conditions tapping is monito, 
as single taps or even in “lift” and “push” g 


S units. As training advances, however, P «o 
of two taps are triggered off, then groups of three and so on. This possibility 1s Sp and 
by the evidence from Figure 2 also. Here mean group size is increased in the SIX? yj 
seventh sessions. Performance increment was noticeable from the third session, 
decreased intervals between tap groups. Th 
In Figure 1 both learning and mean group size curves approximate a J shape tne 
ey of increase in group size, but ony by to 
ely that i ide the tre 
EE N y that the first trial falls outside 
It can be argued that Chase’ 
motor control in the absence o; pin th 
under the conditions of the present study i i for wita ti 
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ved from the periphery. Without incoming information matching operatio" jro- 
ongoing activity to the 


ou 
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To say, as was found, that the “units” of the skill become increasingly larger can be taken 
as an indication of the mode of action of these possibly enhanced processes, but not as 
an explanation of the actual processes themselves. 
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THE PSYCHOLOGICAL REFRACTORY PERIOD AS A 
FUNCTION OF PERFORMANCE OF A FIRST RESPONSE 


BY 
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Proponents of a "single channel" theory of the psychological refractory period have e 
specified whether the single channel occupies only the decision component of the EE 
selection, only the motor or response component, or both. In this experiment, the delay 
in the RT to the second of two successively presented stimuli was examined as à june 
of whether or not an overt motor response was made to the first stimulus, keeping a 
decision component constant. It was found that in both conditions RT, was delayec« 
suggesting that the decision component was a part of the single channel. However, R1; 
was delayed by a significantly greater amount if a motor response was required, indicating 
that the motor component is part of the single channel as well. Implications of the resu.: 
for an expectancy theory of the psychological refractory period are discussed. 


INTRODUCTION 
When two stimuli are presented in pus 
second stimulus is usually delayed. Th 
put forward (Smith, 1967). One expl 
which has recently received considerabl 
theory (Davis, 1956; Welford, 1959). 
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PERFORMANCE OF RT, AND THE PRP SSE 


times were the same regardless of whether the performance of a response was required to 
the first stimulus. When no overt response was required, subjects might simply have 
ignored S,, or delayed processing the information until after the second stimulus had been 
responded to, as Davis himself suggests. 

In order to avoid this problem, and to vary only whether or not a response had to be 
performed to S,, a go no-go paradigm was employed, and delays were examined as a func- 
tion of whether a first response had been made. 

METHOD 

Four male M.I.T. undergraduates served as subjects in this experiment. They 
focused upon a small focusing light, and were presented with two non-overlapping visual 
stimuli (illumination = 2:5 ft. candles) in rapid succession. The first stimulus was a 
luminous disc (visual angle = 0-68°) which could be presented either to the left or right of 
the focusing light. Subjects made a key-press response to this stimulus, pressing the left 
key if the disc was to the left of the focusing light and the right key if it appeared to the 
right. The second stimulus was a luminous bar (1:36?), which could appear either above 
Or below the focusing light. A verbal response was made to this stimulus. " Subjects 
Were instructed to say “boo” if the bar was above the focusing light and “bun” if it was 
located below it. Both stimuli were presented for 20 millisec., and RTs for both the first 
and second responses were measured by two Hunter model 120A Klock-counters. TE 

Five ISIs were employed: 25, 50, 100, 200 and 600 millisec. For two subjects (YK 
and EI), the ISIs were randomly presented. as d other two (DE and CH), the ISIs 
were n <s of 20 (regular presentation). 

Sith inte ates nei the don verbal response (to the bar). However, the first 
manual response was made on only half of the trials. Subjects attended a total of II 
I-hr. sessions, of which the first constituted a practice session. For the first sd i e 
mental sessions the first stimulus (disc) was responded to only if it ceci pa t e eft of 
the focusing light for two of the subjects and if it appeared kd The pent o 1 » Octéing 
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TABLE I 
RT, As A FUNCTION OF THE PRIOR PERFORMANCE OF RT, 


a ————— l 


r T TA Two- 
Inter-stimulus interval (millisec.) E 
verbal 

25 50 100 200 600 RT 


Response required | Regular | DE 699 721 668 616 


533 | 43° 
toS, ISI CH 566 576 


531 | 479 | 380 | 375 


Random| YK | 1,042 1,024 


80 
1,038 963 776 6 
ISI EI 612 622 


598 | 547 | 516 | 455 
Mean} 730 736 709 651 551 


No response Regular | DE 638 
required to S, ISI CH 


636 616 629 553 

512 505 462 432 41 

Random! YK | 932 | 946 | 967 | 897 | 818 
ISI EI 


618 | 594 | 574 | 524 | 484 


Mean| 675 | 670 | 655 | 621 568 


: - ^ not to 
Weiss, This theory attributes the delayed second reaction t the 

a fundamental limitation in th 5 lly deter: 
stimulus. This subjective uncertainty is tota aie a 
he ISI series employed, such as its range, frequen" the 
n 2 

is theory would predict that delays 1° cys 


d for S, thi 1 SN ID I 
ponse and no response conditions, sinc 


h the res; 
Our results i 
pectancy for the 
component of RT,, rather than aft 
essentially bein, 


since preparation of RT, cannot be Started until after completion of RT, In other 
e expectancy theory would have i 


This work was done at the Mass 


was supporte? 
achusetts Insti logy, and 
by a grant to the author from that institution. s em 


Apams, J. A. (1962). T. REFERENCES 


sod: J24 
est of the h : B eriod. 
Psychol., 64, 280-7, =A pOliesisiof Payoliologicalrefracto:y P EJ exp: 
Davis, R. (1956). imi « š IU uart. J* 

Pour dE. limits of the Psychological refractory period." Q atl: 
Davis, R. (1959). The role of “ 


u 
ionis " eriod. 9 
J. exp. Psychol., 11, ees in the psychological refractory P formant? 
Davis, R. (1962). Choice RTs and i ; i an pe 
Quart. J. exp. Psychol., 14, ure theory of intermittency in human P obser" 
ELITHORN, A., and LAWRENCE, C. (x " inhibition refractory 
tions. Quart. J. exp. Prychol, 7.53 Central intibition=somig n ti” 
Kay, H., and Wess, A. D. (1961). Relations e 
Nature, 191, 790-1. ^ ifica?" 
Nickerson, R. S. (1967). Psychologica] refractory phase and the functional sign ole 
ofsignals. J. exp. Psychol., 73, 303-12, i psy 
Surra, Martyn C. (1967). Theories of the psychological refractory period. 
‘ull. 67, 202-13. 
Wetrorp, A. T. (1959). 


formance in a serial ri 


e 
2 tio! 
hip between single and serial reac 


" S imitin£ 
Evidence ofa Single-channel decision mechanism lim 
eaction task. Quart. J. exp. Psychol., 11, 193—219- 1967 


ay: 
Manuscript received 22nd Mi 


LATENCY OF VERBAL RESPONSES TO A STIMULUS 353 


LATENCY OF DIFFERENT VERBAL RESPONSES TO THE 
SAME STIMULUS 


BY 
PAUL FRAISSE 
From the Laboratoire de Psychologie Expérimentale et Comparée de la Sorbonne, Paris 


A response of reading (letter O) or of naming (circle) can be given to the samesign O. 
The verbal reaction time is higher when naming than when reading (difference 100 millisec.). 
This fact verifies that naming is a longer process than reading, the difficulty of perceiving 
the stimulus being equal. 

The response "zero" which may be given to the same sign is nearer to the reading- 
Tesponse time than the naming-response. These facts can be explained if we say that 
uncertainty for coding concrete signs is greater than for alphabetical or numerical signs. 


INTRODUCTION 
In a series of experiments, Fraisse (1960) showed that a longer time was required to 
name geometric figures, colours, and drawings than to read the corresponding words, the 
uncertainty being kept equal. This fact, known since J. Mck Cattell (1886), is obtainable 
only in a choice reaction time situation, when one sign is chosen for naming or reading 
from among several others presented in a random order. On the other hand, it was found 
that time for naming increased proportionally with the uncertainty, when the time for 
Teading was practically constant (Fraisse, 1964). In order to explain these results, we 
Introduced the notion of compatibility. There would be less compatibility between a con- 
crete © and its verbal naming than between a word and its reading, which would mean 
that i jing when naming is more uncertain than coding when reading. In other words, 
When we are reading a word, the answer is relatively automatic, but when we are naming 
an object, there are different possible competing responses. 


Owever, our investigations have revealed that the compatibility factor interacts with 
ys an important variable in experiments 


the discriminability of the stimulus, which is alwa 

9n perception. When discussing our results with Professor Oldfield and his staff, it was 

Suggested that we test our hypotheses in a particular case by using a graphic sign which 
In this case, differences in reaction time could not 


might be encoded in different ways. 
be attributed to the ease or difficulty of recognizing the stimulus. The letter O meets this 
Tequirement. It may be responded to in three ways: as a letter it may be read; or it may 


€ seen as a circle, and then be named; finally, it may beseenasa number, namely, "zero." 
(For the subjects, who were French native speakers, to the symbol O in a numerical con- 
text, there is only one familiar answer which is "'zero.") i I 

,,,Ií when varying the modality of response (naming or reading) to the same stimulus, 
ifferences in reaction time are found, a further proof that naming and reading are depend- 


ent upua two different systems of coding will have been obtained. 


METHOD 
ix male and six female) were subjects. 
meter was drawn with indian ink. This figure was 


Subjects. Twelve students (s 
f stimuli, each of them being the same size as the 


Materials. A circle 15 mm. in dia 
Presented with three different series © 
Sure or reference. 
(a) four letters: O, B, F, K 
(b) four numbers: o, 2, 5» 7 
(c) four geometric figures: ci 
Procedure. An electronic Dodge Gerbr 
subjects with the stimuli for durations excee 
Second. : i 
Ea i » : was given separately and the subject was instructed as to which 
ch series of stimuli was glv z ted with O in the series of letters, he knew he 


Tesponseto give. For instance, when presen th O in l t à 
ad to say “O”; in the series of numbers, to say "zero" and, in the series of geometric 


rcle, square, triangle, cross. 
andt type tachistoscope was used to present 
ding that of reaction time, i.e. exceeding half 
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ili vi ur alternatives 
"circle." The subject was always very familiar with the fo 
figures to say 5 ' ' ue el 
in each ELI ct, in each series, was presented with the 3 P I ba Ao For 
B. iuda 1 f each sort: “O,” “zer 
II responses o 
order. Hence, there are : ; j e 
"m dians were used. . ! — . 
ie ovn ci cvelieceni e of the three series was randomized. penyen men seth ditions 
additio inci iti bject served under t c 2 
Sis l condition, each subj - served ui J ton j 
m p PARAR cun of the choice reaction time ig a plies ther EE 
aon om E "circle" were presented succes | M 
“oO” ero” and “‘circle p! s ‘hat he u 
letter “O”, ena tis bea E had been added to these three stimuli boe S ondition 
ina padom oE this control condition should be the same as under the pray PES EMS for 
fe Lg dene cili This condition was introduced to ascertain whe 
our a. . 


RESULTS ntrol con- 
The means of the individual medians in the principal condition and in the co 
ditions are given in Table I. 


TABLE I 
MEANS or THE INDIVIDUAL MEDIANS (MILLIsEc.) 


Responses 


E 
aa | o 
Letter O Zero Ne ee 
Principal condition 


619 
Naming sign O 453 514 


ISt Control condition 


Reading words in II 
choice RT 495 ey | — 

Veer dcc o ek p MI 

2nd Control condition Reading words in 333 
simple RT 


sis c Ce was performed, The 
In the principal condition, the difference be 
and the response “O” i i jj mi e 
significant difference between the re and the response “zero” : ae n 
he naming response takes long nis 
number, er“ 
Even if it is true that the answ' 


I i f this, to 
ese reading times and in SOT. appe? gt 
he first control condition mor it dI one 
d since we know that some subjects rerum rol fwe 
to give the answer “O” as a response for reading. In the context of the an i ob ;onal 
dition, some subje ive the response “zero” or “circle” instead Ya tradit 

his control condition we drew O with t 
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TABLE II 
SUMMARY OF ANALYSIS OF VARIANCE 


eee 


Source of variation d.f. S.S. M.S. F 
Subjects II 1926-54 17513 4'34 < oor 
Stimuli 2 1690-41 845-2 21:0 <o-or 

Figure-letter I 1653°69 1653°69 4I: < o-oor 
Figure-number I 654:38 654:38 16:3 < ovor 
Letter-number I 227:55 227:55 5:65 < 0'05 
Residual 22 885-78 40:26 
Total 35 4502°73 


l—— —se( i —— EE mm 


ellipsoidalform. These wrong responses, when they were manifest, were eliminated, but it 
is possible that a slight inhibition of the response O has made the mean reaction time longer. 

Finally, in our previous experiments with four alternatives, the difference in the 
responses for naming signs (or colours) was about 100 millisec. Results here are of the 
same order (108 millisec. for the response circle). ] " E 

The response ‘‘zero” does not fit easily into our system of explanation. We consider 
it as a response of reading a sign analogous to the reading of a letter and not as a task of 
naming. However, it is slightly longer than the response O." This difference can be 
Partly explained on phonetic grounds, but also by the fact that response "zero 1s less 
habitual and less frequent than response “O.” It can be seen, however, that the response 
“circle” constitutes a particular category with a very different time of response, which the 
Statistical analyses verify. 


CONCLUSION . 
is experiment that, given the same graphic sign to be read 
eani pe conen Aom oneer the Seting-response (difference 100 millisec.), 


or named, the naming-response islonger than 


uncertainty being equal. . 
This realt, chimed in the case where tie graphic ni 
a role, agre irelv with our previous results. | f p 
The iile Ls b naming vidis be explained either by the cree ec re t 
the stimulus, or by phonetic characteristics of the response. It isat L he a P 
tion of the response, that is to say of coding, that the explanation is = : ae P 
know that the time. for naming increases with the uncertainty (num E e 
Whereas the time for reading does not; so we are led to think that DA is E p ii E 
extension of the time for naming comes from the uncertainty in co mg o oa 4 A 
from a smaller compatibility between a graphic sign and its naming than be Men im 
Sign and its reading. In order to explain this result, it is possible S put fo: aH DEUS 
that the relative discriminability of stimulus is not the same in e a ee aati 
of our previous experiments, we may assert that the discriminabi! A r3 he i sioehould 
is higher for geometric figures than for letters. Allthings being wi Se de botneming 
have been shorter, but in this case, they were longer. We may thus Ts : 
an object is a more difficult coding operation than reading a linguistic sign. 


ature of the stimulus cannot play 
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THE EFFECT OF PRIOR RECALL ON MULTIPLE 
RESPONSE RECOGNITION* 


BY 


JOHN BROWN} and D. W. PACKHAM 
From the Department of Psychology, Birkbeck College 


Certain investigators have found that recognition is impaired when a recall ee b: 
interpolated during the retention interval. One possible explanation of this finding is ps 
interpolated recall leads subjects to employ a more stringent recognition criterion. In 


two experiments reported here, the influence of the recognition criterion was eliminated by 


using a multiple-response test requiring subjects to rank a recognition list consisting of o 
and new items. Nevertheless recall impair 


ed subsequent recognition in both experiments, 
the effect being most marked for lowly ranked items. The recognition test in the i 
experiment was carried out in two stages. This made possible a direct examination i 
whether recall has an effect on the recognition criterion. No evidence for such an effec 


was obtained. Other ways in which recall may affect the recognition criterion are 
discussed. 


IxTRODUCTION 


ion 
1956) found that recall shortly after presentati 


1 a. ary 
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Multiple response recognition tests. Both the experiments to be described use a multiple 
response recognition test (Brown, 1965). In such a test the subject is presented with a 
list consisting of k original items and of n new items ('distractors").in random order His 
task, implicitly or explicitly, is to rank all the items so that the item most likely to be old 
is put first and the item least likely to be old is putlast. Overall performance in the test 
is evaluated in terms of a measure based on the average rank assigned to the correct items. 
An important feature of the measure is that it is uninfluenced by the criterion used for 
recognition, since the subject is required to rank a// the items. In this respect it is like a 
forced-choice recognition test but it should be noted that the subject is not asked to accept 
or reject any of the items. Another feature of the measure is that it reflects the degree 
of discrimination shown in relation to each old item, since each item is assigned a rank. 
The actual measure used is called À and can be immediately derived from the average 
rank. However, its character is more clearly revealed by the following account. The 
number of distractors written down after the first old item is counted and divided by the 
total number of distractors z. This is repeated for each of the remaining (k — I) old 
items. The average of the scores so obtained is an estimate of the average probability of 
rejecting à distractor and is called R. If all the items are written down in random order, 
the expected value of Ris }. Accordingly the preferred measure is A, where A = 2k — Ei 
This has an expected value of o when performance is at the chance level and of unity when 
recognition is perfect. 


EXPERIMENT I 

This experiment was designed to investigate (1) whether recall influences the criterion 
adopted for subsequent recognition and (2) how recall influences recognition performance 
when the possible influence of the recognition criterion is eliminated. A two-stage 
recognition test was employed. In Stage I, the task was to write down the items recog- 
nized from a list of new and old items. In Stage II, the task was to write down the remain- 
ing items so that the items most likely to be old were put first and the items least likely to 
be old were putlast. Provided the subject's writing down order reflects his ranking of the 
items in both stages, the following analyses can be made. First, the proportions of sub- 
Jects choosing correctly at the end of Stage I and at the beginning of Stage II can be 
examined to see whether prior recall affects the recognition criterion. Second, the two 
Stages taken together can be regarded as a multiple response recognition test and a 
measure of recognition performance can then be obtained which is independent of the 
recognition criterion. 


METHOD 


Subjects. The experiment was conducted at the beginning of a first year laboratory 
class, During the introduction the 40 subjects were informed that they were to participate 
ina group experiment involving colour association. They were then assigned to two 
Separate rooms on a random basis so that there were ro experimental and ro control 
Subjects in each room. 


Stimulus material. The following materials were prepared prior to the experiment: 
(i) Foolscap sheets with the colour red, green, blue, brown, yellow, grey, black, 

white in this order in each of 28 rows. 

(ii) Twenty-eight names of household items recorded on magnetic tape at 3-sec. 
intervals. These names had been selected at random from a pool of 60 names. 

(iii) Instructions defining the experimental and control groups, in sealed envelopes. 

(iv) A questionnaire related to the laboratory course. 

(v) Recognition lists, which contained ro only of the 28 recorded words, together 


with 14 new words from the pool. The lists were set out in two columns of r2 
words and a different random order was used in the two rooms. 


Procedure. The experiment was in four phases. 

Phase. The sheets of colour names and envelopes were handed out. 
told that their initial task would involve underlining one of the eight colour 
2PPropriate each time a word was read out. The tape-recording of th 
Items was then played. 


Phase 2. Next, subjects were asked to turn over the sheet 
Open the envelopes in front of them. Experimental subjects foun 


Subjects were 
s they thought 
€ 28 household 


of colour names and to 
d an instruction to recall 
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the items they had just heard: the control subjects found an instruction to he CE 
Christian names of the opposite sex, indicating their preference on a 5-point scale. Phase 2 
lasted 5 min. 


Phase 3. All subjects completed the questionnaire. This extended the retention 
interval before recognition by 10 min. 


Phase 4. The recognition test consisted of two distinct tasks, viz. Stage 1, to ba 
down only the words recognized as being among those read out previously ; Stage 2, ud 
write down all the remaining words from the recognition list, putting first the item mo z 
likely to be from the original list, the next most likely item second and soon. The recog 
tion lists were folded and sealed so that the second set of instructions were not seen un 
the first set had been carried out. Once the subject had turned over to Stage 2, he was 
not permitted to make any alterations to Stage r. 


EXPERIMENT I RESULTS 

The first question examined was whether 
recognition list had much effect on the 
The rank correlation coefficient between 1 


the order in which the items occurred in the 
order in which the subjects wrote them down. 
ist order in columns and R-values for individus, 
words was only about o-r. Although there is some difficulty in interpreting this ps E 
(because individual subjects may well have scanned across the rows rather than down th 


columns of the recognition list) it seems fair to assume that list order was of minor im 
portance. 


the interpretation of the results. 
Recognition scores for the ex: 
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using A as the measure, Mean Tol groups were t 


values of A were 0-734 and 0:832 respectively but the 
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: . m 
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new items. His task was to order the cards (along the old-new dimension of probability) 
first by sorting them into four piles and then by changing the order within each pile where 
necessary. One advantage of this procedure is that it enables him to make crude judge- 
ments before he attempts finer ones. Another is that it helps to reduce the possible 
effects of the order in which the items are initially presented in the test. Not only can 
each subject receive his pack in a different random order but in addition it is easy for him 
to change his mind concerning the appropriate positions for particular items. 


METHOD 


Subjects. Thirty-two first-year psychology students were randomly assigned to experi- 
mental and control groups of equal size and were then tested simultaneously in the same 
room. 

Procedure. The experiment was conducted in the same sequence of four phases as 
Experiment I. The following changes were introduced: (a) In order to reduce the overall 
level of performance, the colour association task was replaced by instructions to categorize 
32 words selected from the same pool into metallic and non-metallic objects and the rate 
of presentation was increased to a speed of 1 word every 2 sec. (b). Booklets were substi- 
tuted for separate instructions in sealed envelopes and the questionnaire was omitted. 
This shortened the interval between recall and recognition from ro to 5 min. This interval 
was occupied by collecting response booklets, by subjects reading the instructions for the 
multiple-response test and in answering clarificatory questions on the procedure. (c) The 
recognition lists were replaced by packs of 32 printed playing cards. In each pack the 
first and last eight words which the subjects had categorized were discarded and instead 
16 cards printed with new words were selected. The packs were shuffled so as to produce a 
different random order for each subject. His task was to sort the cards into four piles 
designated definitely original, probably original, probably not original and definitely not 
original, and then to put the words in each pile in order of probability. The final order of 
the pack thus ranged from the most familiar to the most unfamiliar word for each subject. 


FIGURE 1. 
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Values of A 
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6————o Control group 
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Ordinal position of correct items 


Value of À for successive correct items. 
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EXPERIMENT II RESULTS 


The results were broadly similar to Experiment I but the inferiority of the experimental 
group on the recognition test was more clear-cut. Thus the groups differed significantly 
even on the overall values of A(¢ = 2-20, d.f. = 30, p < 0-05): the actual values were 
0:784 and 0-688 for the control and experimental Broups respectively. When the groups 
were compared on the four correct words assigned the lowest ranks, the difference was 
significant at the o-or level (£ = 3-87, d.f. — 30). The reason for the higher value of / was 
that the groups only differed on the terminal words (substantially, this was also the case 
in Experiment I). This is shown in Figure 1 in which the values of A for successive 
correct items are plotted. It will be seen that the final values of A for the experimental 
group are negative. This implies that recognition performance was at chance level for the 
last few items: when ranks are assigned at random, some positive and some negative 
values of A tend to result, although the mean expected value will be zero. 

The fact that the groups differed only on terminal words suggests that the adverse 
effect of recall is confined to poorly learned items. The following analysis was performe! 
to check on this possibility: the values of A for individual words was calculated separately 
for the experimental and control groups. (This involved pooling across ordinal positions: 
the results shown in Figure 1 involved pooling across words). The rank correlation be- 
tween the value for the control group and the difference between the values for the contro 
and experimental groups was then calculated. but was only 0-08 Thus there was no 
evidence that the words which were on average poorly learned b LM control group were 
most likely to suffer from the effect of interpolated recall. The ien of À for the control 
group rp cig okie words ranged from 0-656 to 0:936 ` 

or the experimental group, me jas 17-75 > wag 
8-62 of the 16 words included A He cement TS pu pue presentian eat 
total number of recall : St. Intrusions were 8:5 per cen ava 
all attempts: about half f the w ) 5 ns wer! 
distractors in the recognition test, The vene Words occurring as intrusio ecalle 
words were 0:940 and 0:358 respectively. mean values of A for recalled and non-r 
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Erroneous unlearning. The recall task involved free recall, i.e. subjects could write 
down the items in any order. Ifa subject thinks of a correct item during free recall but 
erroneously rejects it, this might merely lead to unlearning of the item. This would 
tend to lower A. Unlearning is now a well-established phenomenon and occurs in a wide 
range of situations including free recall learning (Asch and Ebenholtz, 1962). 

In evaluating any of these theories, it is important to bear in mind that A will be lowered 
only if the average rank assigned to correct items is lowered. Moreover, the factor or 
factors leading to interference may be offset, or more than offset, by a tendency for recall 
to strengthen the learning of the items recalled. The effect of such strengthening is most 
likely to be dominant when recall takes place while retention is still high and when the 
recognition test is delayed. Indeed, Hanawalt and Tarr (1961) found that the facilitatory 
effect of recall on recognition in their experiment was much more marked with a recogni- 
tion test delayed for 24 hr., than with a test immediately following recall. 

The fact that Hanawalt and Tarr obtained a facilitatory effect even in the immediate 
test calls for comment. One possibility is that their results were determined by the 
Particular construction of their recognition tests. Each correct word was presented with 
four distractors, one of which was a synonym or an opposite of the word. Any subject 
who detected this feature will have had a 1 in 2 instead of a 1 in 5 chance of a correct 
Tesponse when guessing. And recall subjects may have been more prone to detect it, 
Perhaps because they tended to be very confident about the words they had successfully 
recalled. A subsidiary experiment of Hanawalt and Tarr (1961) is worth mentioning. It 
Was based on an experiment of Postman, Jenkins and Postman (1948) and produced results 
unlike those of their main experiment. Postman eż al. had found that multi-choice 
recognition of nonsense syllables was impaired by prior recall but the comparison (which 
was incidental to the main purpose of the experiment) was between immediate recall and 
Tecognition delayed by recall. Hanawalt and Tarr held the retention interval before 
recognition constant at 10 min. and obtained no significant difference between conditions. 

Owever, it is noteworthy that their actual results were close to those of the original 
experiment: their recognition means for the recall and no-recall conditions were 24:69 and 
26:94 respectively as compared with 24:23 and 27-66 in the original experiment. 
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Finally we would like to make a comment on Treisman’s own suggested amendment 
of Broadbent's theory. “If the filter reduced the signal-to-noise ratio of unattended 
messages rather than blocking them completely, words which were highly important or 
relevant to the subject might still be perceived despite this attenuation, provided that the 
criteria for detecting them were sufficiently low. This would have the biological advan- 
tage that the unattended messages could be monitored for any important signals without 
at the same time much increasing the load on the limited capacity available for speech 
recognition." (Treisman and Geffen, 1967). It would seem to us that Treisman’s sug- 
gestion of attenuation would have quite the opposite effect. It seems evident that on the 
whole, a signal-recognizing (as distinct from signal-transmitting) system would be much 
more disrupted or taxed by having to recognize signals which were incomplete or noisy, 
than if such signals were clear. The “load” would clearly be increased over the case 
where no attenuation occurred. Similarly, a signal recognizing system would have to 
increase the amount of processing when it had to distinguish between signals some of which 
Were incomplete or noisy. The introduction of corrupted messages could certainly never 
reduce the load on the system as compared with the case where such messages were not 
degraded. Such degradation would simply reduce the efficiency of decision made by a 


System. Treisman’s proposed amendment to Broadbent’s theory makes matters worse. 
J. A. DEUTSCH AND D. DEUTSCH. 
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A recent report by Treisman and Geffen (1967) suggests there is some ambiguity in the 
interpretation bf a theory of attention proposed by Deutsch and Deutsch (1963). Perhaps 
one reader’s view of the controversy might clarify some of the issues. The theory proposed 
by the Deutschs does not question the fact that the processing capacity of the nervous 
System is limited—after all it is a finite system; nor do they quarrel with the proposition 
that at some stage during the analysis of incoming messages there occurs a at RE E. 
mechanism” which gives preferential treatment to some messages at the expense of others. 
Their theory is concerned with the question of where the single channel process arises. It 
is motivated by the consistent finding that complex stimuli, such as particularly ee 
Words, when they occur on a secondary channel supposedly being ignored E bip. in 
diverting a subject's attention from a primary task. They argue that t dm a H 
indicate the single channel process must occur after the messages have been fully ane yei 
by the perceptual system and therefore impaired performance found under mu ti = 
Conditions might be due to limitations in the storage of messages and ded o 
them rather than their initial perceptual analysis. Since most tasks use Es MCA Nu 
tion involve a large memory component, there are no convincing grounds for attri ou " 
the observed decrements in performance to processes operating during the perception o 
the sti A . 

Ther Te thrust of Treisman and Geffen’s experiment appears to be that memory is oe 
involved in their particular task and consequently decrements in performance cannot i 
associated with memory limitations. The point is debatable. On the average, severa 
items intervene between the presentation of a target word and the subject's response. 
Interference effects on both messages often span alongstringofitems. These time periods 
Cannot be accounted for in terms of simple reaction times and suggest that the storage of 
information is a necessary factor in the performance of Treisman and Geffen's experimental 
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rei show that, though the analysis is admittedly hazardous due 
to es Cei mede de and the assumptions needed to determine the false 
alarm rate, the d' statistic is lower for unshadowed messages than for shadowed messages. 
They imply that this difference in d' indicates information is being lost during the per- 
Ceptual analysis of the unshadowed material. While the reduction in d' does indicate that 
Information is being lost somewhere between the presentation of the signaland the subjects 
Tesponse, it says nothing about where the loss occurs. It could be reasonably argued that 
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was the same for the two messages and so should be equally inhibited by the primary repeat- 
ing response. We argued that our results strongly favoured the limit being perceptual, 
since subjects tapped to 87 per cent. of primary message targets and to only 8 per cent. 
presented in the secondary message. 

Deutsch and Deutsch and Lindsay raise a number of different theoretical points of some 
importance. I believe most of the criticisms are based on misunderstandings, so it may be 
useful for me briefly to clarify our suggestions on each point in turn. E 


(1) The effect of importance. We agree, of course, with Deutsch and Deutsch that the 
direction of attention can be biased by the relative importance of stimuli. Our interest lay 
in discovering whether the bias chiefly affects perceptual processing or response mechanisms 
intheselectivelistening task. Our instructions were intended to stress the importance of the 
verbal response to the primary, "attended" message, but to give equal though lesser weight 
to the tapping responses to targets in both primary and secondary messages. Deutsch and 
Deutsch suggest that the requirement to repeat as well as tap to the primary targets adds to 
their importance. This is possible, although our subjects actually seemed more concerned 
about failures and successes with secondary than primary targets. I agree that it would be 
useful to repeat the experiment without this requirement and an attempt to do this is 
referred to below. However it seemed to us that, logically, if a subject's response and 
memory capacity will support both repeating a word and tapping to a target in 87 per cent. 
of cases when both are in the primary message, it should support the same level of response 
when the target is in the secondary message, provided that perceptual analysis is complete 
in all cases, as Deutsch and Deutsch suggest. It is surprising, then, that only 8 per cent. 
Correct responses were made to secondary targets. Moreover the verbal context of the 
target words and their homophones affected primary and secondary messages very differently, 
Which is inexplicable if there were no differences in the perceptual analysis of the two 
messages. 


(2) Interference from secondary targets. Ne interpreted the absence of any interference 
from secondary targets when not tapped to as evidence against full perceptual analysis. 
Deutsch and Deutsch consider this misinterprets their theory, which, they say, specifically 
accounts for the lack of such interference. However, our interpretation of their theory 
was based on their 1963 paper, which quotes Peters’s (1954) report of interference by a 
Secondary message as evidence supporting their theory. Moreover we also found that the 
interference from secondary targets which weve detected was greater than that from primary 
targets. We argued that, since the two tapping responses were identical, they should not 
differ in response or memory load and so detection of the secondary targets must have 
interfered with perception of the primary message. 


(3) The vole of memory. Lindsay argues that our task involves short-term memory. 
This is true, although it is much less dependent on memory than most tasks which have 
tested selective attention. The mean response lag for both primary and secondary targets 
was only 1:2 sec. (3 items) which does not allow much time for decay in a post-perceptual 
Store. 'The equality of the reaction time to those primary and secondary targets which 
were detected argues against the intermittent, often delayed monitoring of a stored trace of 
Secondary targets. The time span of interference effects need have nothing to do with 
Storage time; it could equally well be due to losing track, delay in picking up the correct 
message and so on, even after the interfering item has been forgotten. 


(4) Lawson's results. Deutsch and Deutsch claim that we have some difficulty in 
explaining the discrepancy between Lawson's results (1966) with tones as targets and ours 
With words. So far from this being true, we actually predicted the difference on the basis 
of Broadbent's theory (see Treisman, 19644), since differences in physical characteristics 
must be analysed before the "filter" selects the attended message. Evidence supporting 
this claim is that (a) these physical characteristics can all be used as a basis for selection of a 
message to be attended to (unlike verbal differences such as a change of language); (b) they 
can be reported even for unattended messages; and (c) variations in these features can 
Interfere with attention to the selected message (again unlike changes in verbal features of 
a message). This conclusion is not intuitive, as Lindsay supposes, but based on experimental 
evidence (Cherry, 1953; Treisman, 1964b and c). Lindsay also argues that processing 
Capacity is not simply related to stimulus complexity and in support refers to the findin 
that simultaneous psychophysical discrimination tasks may interfere with one antic 
But we have not argued, nor would it seem plausible, that there is only one way in ich 
tasks can interfere with one another. The fact that simple discriminations may compete 
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in threshold experiments does not imply that complexity of perceptual analysis is irrelevant 
to the difficulty of the task in the selective listening situation we were investigating. 
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outcome. A possible system for speech recognition consists of a hie i 
of tests for the critical features distloguisung phoneines words or us SS Ed acl 
words, with their low S/N ratio, can be discarded at the earliest stages when they fail the 
most general tests, this would eliminate any interference at subsequent stages of speech 
analysis. This rejection of irrelevant words would be unfortunate in the case of very 
important items (own names, target words etc.) but in these cases the effect of the lowered 
S/N ratio could be combated to some extent by maintaining the criteria for their detection 
especiallylow. Thus, although detection of these important words in the secondary message 
would be less frequent than in the primary message (as it is in fact), there would still be 
considerable economy, in that most of the secondary stimuli would not be analysed in any 
detail. There is some evidence that a noisy message does in fact interfere less with percep- 
tion of a competing message than one that is clear and easy to perceive (Treisman, 19646) 
Finally Lindsay would like some clarification of the notion of attenuation, or reduction in 
effective S/N ratio. We deliberately left this suggestion as general as possible, since 
behavioural evidence is unlikely to support one precise alternative against another. 
However, his suggestion of attenuation followed by the addition of noise was one possibility 
we had in mind; in a multi-stage perceptual system this process does not seem to us either 


implausible or ''difficult to conceptualize.” 
ANNE M. TREISMAN. 
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THE EXPERIMENTAL PSYCHOLOGY GROUP, 1946-1958" 


The idea of the Experimental Psychology Group goes back to the last year of the war 
when some of us were starting to think about the shape of post-war psychology and our 
own relations to it. On the one hand, we hoped that the gains the war had brought to 


psychology in the shape of realistic experiment and close relationship with other scientific 
disciplines would be preserved and extended. On 


argely geared to immediate 
there was reai danger of losing sight of basic issues. We 
were also a bit anxious about the tendencies to professionalism which were so marked in 
British psychology at that time, 

I say “we” because I honestly don’t know who first had the idea of the Group. I 


certainly remember conversations in 1944 with Ralph Pickford and 1 think also with 
Kenneth Craik—though of that I i i 


Grindley and Carolus Oldfield. At all events, t 


John's College. To this meeting a number of younger people in experimental psychology 
were invited and the decision to establish a new group formally taken. Seven mere 
people were invited to Jom us. As regards the name it was agreed that “Experimental 
best described our general intention and “Group” its informal and limited character. 

the Group is to have a birthday it should certainly be 21st June, 1946. ld 
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you younger people would make a determined effort to get a stronger representation 
in the Council. 

Finally, having had to spend much time in sitting on foolish revolts, I should wel- 
come one which I could support, and I think the time is ripe for it. 


In a letter dated 29th July, 1946, Professor D. W. Harding, at that time Honorary 
General Secretary of the British Psychological Society, wrote to me as follows: i 


The Council of the Society at its last meeting received and considered a statement 
from Professor Wolters regarding the formation of a Broup for the study of experimental 
psychology. The Council was of the opinion that it is open to any members to form 
such groups for the intensive study of special subjects, and that such activities are to 
be welcomed. 

The Council appreciates the courtesy of members of the experimental group in 
laying the matter before it, offers its good wishes for their success, and hopes that at a 
later date the proceedings of the Society may be enriched by the results of their work. 


This courteous welcome from the Council of the B.P.S. greatly strengthened our resolve 
to proceed with the formation of the Group. 

In the early days, meetings were held regularly four times a year, as a rule in Oxford, 
Cambridge or London. By courtesy of Julian Blackburn, the Group met several times at 
the London School of Economics, where the first annual general meeting was held on 1 3th 
December, 1947. Among the more memorable occasions was a meeting in Cambridge in 
July, 1949, following a Symposium of the Society for Experimental Biology at which 
Papers were read by Karl S. Lashley and Konrad Lorenz. I remember also a meeting 
held at the Oxford Institute of Experimental Psychology later the same year at which 
Warren McCulloch electrified us with a paper entitled “How nervous Structures have 
ideas." Then there was a meeting in Cambridge, in July, 1950, at which Sir Frederic 
Bartlett sketched out his "Programme for Experiments on Thinking" (published in this 
Journal, 1950, 2, 145), which later evolved into his well-known book on Thinking: An 
Experimental and Social Study (1958). But apart from these star occasions, there were 
many more modest meetings at which members and invited speakers talked to us about 
their current work and a tradition grew up of free, outspoken (but almost always good- 
natured) critical discussion. It also became our custom to hold a party in the course of 
every major meeting. Both these conventions, Iam happy to say, have been carried over 
into traditions of our present-day Society. 

A particularly good suggestion was made by John Whitfield late in 1947 that visiting 
foreign psychologists should be admitted to temporary membership of the Group. This 
led to the creation of a new category of Visiting Foreign Membership intended Principally 
for post-doctoral Fellows and others visiting this country for periods of up to one year. 
The first visiting foreign member was an Indian graduate student, William Adiseshiah, at 
that time a research student at Cambridge. Roger Russell became a visiting foreign 
member in 1949 though he soon transferred to ordinary membership on his appointment 
to the Chair of Psychology at University College, London. Other visiting foreign mem- 
bers were R. R. Blake, C. H. Graham, H. A. Imus, S. Koch, Ardie Lubin, G. H. Mowbray, 
Dewey Neff and Larry Weiskrantz. $ 

By far the most exciting event in the early history of the E.P.G. was an announcement 
by the Honorary Secretary that the group had received a benefaction from a member who 
wished to remain anonymous for the purpose of founding a journal. The announcement 
Was made at a business meeting of the Group at Oxford on 19th July, 1947, and in accord- 
ance with the benefactor’s wishes the amount of the benefaction was not disclosed. It was 
hinted, however, that the amount would be sufficient to run a small journal for at least 5 
years. After they had recovered from their amazement, the Group accepted this magnifi- 
cent gift with alacrity and set up a Trust Fund (known as the Experimental Psychology 
Trust) to administer it. The Group next commissioned the Committee to explore the 
Various possibilities that there might be for starting a journal. Carolus Oldfield, who 
Played à most active part in these explorations, advised the Committee to place the 
Journal in the hands of Messrs. W. Heffer & Sons Ltd. of Cambridge. The first issue of 
the Quarterly Journal of Experimental Psychology appeared under Oldfield’s editorship in 
April, 1948. Most unfortunately, though, Oldfield felt obliged to resign the editorship on 
account of pressure of other work. He was succeeded in the following year by Derek 
Russell Davis, Although the scope of the Journal was limited by considerations of finance, 
Russell Davis succeeded admirably in building up a journal that was at the same time of 
good intellectual standing and economically viable. 
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this increase failed to keep pace with the expansion in experimental poychoiogy cue 
country at large. One proposal was that members of the Group might retire E dd 
membership when they had reached a certain age—not I think precisely speci 4 es 
would then constitute a kind of "Upper House," without voting rights. This rathe 5 
proposal was rejected, no doubt tightly. At the fourth annual A.G.M. in Dass m 
a membership limit of 40 for the next 3 years was agreed though it soon became clea kp 
this could be but a temporary expedient. Although some members clearly pennies ne 
continue with a small and specialized group, opinion gradually hardened in favour 2 e 
idea of our metamorphosis into a Society, which would keep pace with the Wr een d 
experimental psychology in modern Britain and measure up to the responsibilities i t 
we had incurred through our sponsorship of the Journal. In formulating and qe pk 
future course, the Group owed much to Carolus Oldfield's persuasive advocacy of a la e 
and more representative association. And in drawing up a constitution for the 
Society, the Group were heavily indebted to their last President, Edmund Hick. oth 
At the twelfth (and last) A.G.M. of the Experimental Psychology Group on 3 


December, 1958, membership stood at 64. At this meeting, the Experimental Psychology 
Group was dissolved and the Experimental 


Psychology Society, with 74 founder members, 
duly constituted. 
O. L. ZANGWILL. 
APPENDIX 
OFFICERS OF THE EXPERIMENTAL PsvcuoLocv Group, 1946-58 


President: R. W. Pickford (1946-9) 


G. C. Drew (1950-1) 

M. D. Vernon (1952-3) 
J. W. Whitfeld (1954-5) 
R. C. Oldfield (1956-7) 
W. E. Hick (1958) 


Hon. Secretary: O. L. Zangwill (1946-52) 


A. D. Harris (1953-5) 
P. H. R. James (1956-7) 
J. Brown (1958) 


Hon. Treasurer: B, Babington Smith (1948-52) 


W. E. Hick (1953-6) 
J. Szafran (1957-8) 
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Machine Intelligence. Edited by N. L. Collins and D. Michie. Edinburgh: Oliver & 
Boyd. 1967. Pp.x + 278. 63s. 

If there were an exact and universally accepted definition of intelligence in humans, 
Or better in animals, then it might be reasonable to enquire about the possibility of 
intelligence in machines. There are now machines which show adaption and learning; 
machines which can classify speech and hand-writing; machines which can perform goal- 
directed motor activity, machines which play board games, such as draughts, very well; 
machines which can hold a conversation with a man and convince him that he is 
communicating with another human being. Are all, some, or any combination of these, 
the signs of intelligence? On viewing the behaviour of these machines for the first time 
the answer might well be strongly affirmative—on discovering the simple mechanism by 
which these feats were performed this opinion might well undergo a radical change; 
nothing is so disheartening as the first view up the conjuror's sleeve. 

The real answer to the problem of defining machine intelligence is probably that this 
is a frontier science, by nature undefinable—when we are having trouble in making a 
machine act in a manner previously unique to man then it is a problem of machine 
intelligence—when we have solved the problem (and know how we did it) then we have a 
plain machine. Any coherence in the subject-matter of this book lies only in this, that 
it reports work concerned with attempts to perform tasks which are reasonable for the 
human being but very difficult (at present) for the machine. 

The seventeen papers in this collection were presented at a seminar or workshop at 
Edinburgh in 1965, and represent a major part of British effort in this field. They range 
from mathematical works on theorem-proving and computer languages, through more 
heuristic approaches to computer game-playing and problem-solving, to the discussion 
of machines emulating man's perceptual and verbal skills. Many of the papers suffer 
a great deal from the lack of any obvious context or purpose—one is not prepared to wade 
through a mass of mathematical and logical argument without knowing what it achieves 
and to what this is relevant. Presumably at the seminar the authors filled in the back- 
ground to their work in informal discussion, or could safely assume that it was known. 
The book would be very much better if the editors had made this information available 
to the general reader, introducing each paper and setting it in the context of other work. 

The papers with most interest for human psychologists are those by Clowes on 
picture-processing; by Hill on automatic speech-recognition; by Gregory on seeing- 
machines; and by Kiss on models of word-storage. This last paper in particular is 
fascinating in demonstrating how an on-line computer may be used to examine and model 
higher mental processes simply yet with great power. 

Much of the book is dull and plodding, and more forceful editing should have been 
employed. It is, however, a fair reflection of British work on artificial intelligence, which 
lags well behind that in the U.S.A. (large machines play a big part in these studies), and 
contains some interesting pointers to those aspects of intelligent behaviour which are 
simple to emulate, and those which are not. BRIAN GAINES. 


Mechanisms of Animal Behavior. By P. R. Marler and W. J. Hamilton III. London 
and New York: Wiley. 1966. Pp. xi+ 740. 113s. 


Since Tinbergen published his now classical Study of Instinct in 1949 there has been a 
tapid development in ethological studies. For some time there has been an urgent need 
for a good textbook in this large and growing field. Mechanisms of Animal Behavior is 
a book which fills this gap very adequately, and will be a rich source of references and 
ideas for students for several years to come. It is significant that where Tinbergen’s 
book was only 220 pages, the present volume runs to 740. Special praise should be given 
to the publishers for the excellence of the presentation d the print, typography and 
illustrations are some of the best of any textbook the reviewer has read. Fortunately 
the lucidity of the text and its matter both merit and equal this standard. 

The book is inevitably long, in view of the breadth of its subject matter, but it never- 
theless achieves a homogeneity of approach, which shows how far ethology has already 
Progressed towards an intellectual synthesis in the science of behaviour. The synthesis 
has been achieved here not by including any lengthy theoretical chapters but by the 
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arrangement and selection of the material presented, so that the themes are part of its 
warp and woof. This is well illustrated by the fact that where most books would start 
with sensory and motor activities, and later progress to more complex aspects of behaviour, 
Marler and Hamilton consider first one of the central problems—the fact that animals are 
not passive, reflex machines, but vary in their sensitivity and responsiveness to external 
stimuli, and emit behaviour spontaneously. Variations in behaviour correlated with 
diurnal or circadian rhythms are first discussed, and then follow discussions of the more 
specific systems, reproduction, feeding, drinking and breathing, exploration and agonistic 
behaviour. The interaction of central and peripheral factors in the control of locomotion 
is used to illustrate how both aspects of the behaviour must be studied together. 

The chapters on external stimuli fall into two sections, those dealing with releasing 
stimuli, under the heading of stimulus filtering, and those concerned with orientation. 
In all these chapters the correlation between structure and function is well illustrated. 
Marler’s contributions in his own field of auditory communication are of the high standard 
one would expect. 

_ The final section is concerned with the development of behaviour, dealing successively 
with its embryology, and the ontogeny of sensory and motor systems. This resolves the 
old question of separating the innate from the learned components of behaviour not by 
suggesting (as some ethologists have done) that the distinction is meaningless since it 
cannot be investigated experimentally, but by showing how fruitful it is to study the role 
of the environment during the development of the individual particularly in early life. 
. Basically the ethological approach to behaviour is concerned with six problems—its 
immediate causal relationships, the underlying mechanisms, its genetic background, its 
development in the life history of the individual, its function (i a its survival value) an 
its evolutionary history. As Marler and Hamilton have shown these roblems are not 
pendent: the working of a sensory system (for example) is affected by ts phylogent 
3 ] du es certain features upon its structure, and by its function, which 
imposes certain requirements upon it in terms of the physical Taie of the stimuli to 


which it must respond. One might wish that the il wit 
A 3 3 i authors had d i tail with 
mechanisms of oe social e oa ED and with the prp ttough 
5 eliberate, and their inclusion would h « the book 
ce amen a ae ar leant of the ethology of learning (if eee dn rat) would 
PIE a Sor ol a Res ting it in biological perspective and secondly DY 
deed of minitheories in which learning theorists now nd 


rwise good section on auditory 
electrophysiology of the anditory voté on the structure of the vertebrate ear, ee 
less than for insects. Although 


at can be deduced from it. 
D. M. VowLES: 


Animal Behaviour: A S i - 
l 3 ynthesis of Eth i Ü 
Hinde. London: Meara E Ej PA eo d 


Thi: i e 2 
s book is a survey of “the area where psychology, physiology, and ethology gyer 


lap.” The “s is" F jon 
of nim os of the sub-title suggests system building, but it is more a collecti 


autious generalizations, established by critical discussion of & larg 
E dou described experiments. There is little atenpt at achieving coherent 
S, or through physiology; theories are occasionally introduced, P 
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some detail (e.g. Deutsch’s theory of learning), but for purposes of illustration (thus 
Deutsch’s theory illustrates the possible complexity of goal seeking behaviour), rather than 
to provide the kind of close analysis and comparison between experiments that a theory, 
ideally, can achieve. 

The obvious difficulty with such an empirical approach is to organize the facts ina 
palatable and illuminating way; perhaps such organization is impossible to sustain, in 
which case it is unfair to complain that interest begins to flag before reading through the 
full 446 pages. More relevant, since the book will be used largely for reference and as a 
textbook, is that it should contain adequate summaries and indexes. Good are the brief 
but informative summaries at the end of each chapter; though sometimes, particularly 
where results appear to conflict, it would be useful to have tables listing and briefly 
summarizing experiments. Not so good is the failure to indicate upon what page any 
particular reference occurs, SO that, to see what Dr. Hinde says about a paper, one has to 
find out, from the author index, all the pages on which the author one is interested in is 
mentioned, and then go through them until one finds the reference (a small point perhaps, 
but it would seem simple to combine the list of references with the author index). 

Like many non-theorists, the author sometimes seems over-preoccupied with concep- 
tual matters. Thus, although he himself has shown how the old philosophical problems 
such as nativism vs. empiricism, the possibility of teleological explanation, etc., can be 
made to vanish by deft experiments which fully illuminate the area upon whose fogginess 
the problems were parasitic, he turns philosopher when he comes to the question of drives, 
and creates a straw man that Ryle himself would be proud of: “More serious still, however, 
is the temptation to look for the activating or energizing drive inside the organism. How- 
ever willing the drive theorist may be to rally physiological data to his aid, to look inside 
the nervous system for drives, defined in terms of behaviour, is a logical mistake; and 
discussion about where drives originate is based upon a misconception. Although the 
drive theorist will not find any drives within the organism, he will find physiological 
correlates." True, and since he is doing so, such conceptual problems will be of interest 
only to philosophers. n isi 

Probably the question of most interest to experimental psychologists is the extent to 
which this book succeeds in bringing together their discipline with that of Ethology, and 
the mutual benefit, if any, obtained. There is nothing startling said about this, and little 
is made even of the obvious link provided by the current interests of some psychologists 
in comparative data as a means of testing models of behaviour. But by presenting side 
by side, and not too self-consciously, intelligent and detailed discussions of such topics as 
selective attention in humans and the "innate releasing mechanism” in birds, or skills and 
bird song, Dr. Hinde has written a book that will help to bring about a merging of the two 
disciplines in the minds of the next generation of students. A. W. STILL. 


Manual of Psychophysiological Methods. Edited by P. H. Venables and Irene Martin. 
Amsterdam: North-Holland Publishing Co. 1967. Pp. ix + 557. £4 Ios. od. 

If psychophysiology is a science, psychophysiological methods ought to be scientific 
methods, and this book is not really about scientific method. Rather, it is about 
instrumentation for measuring those physiological quantities which psychologists use as 
physical indicators of a subject’s psychological state. As is to be expected, the emphasis 
is on transduction and amplification, though there are chapters on data-processing and 
display, and telemetry. Phenomena considered are skin resistance and potential, heart 
rate, blood pressure, the plethysmogram, the electro-gastrogram, the electromyogram, 
the electro-oculogram and the electroencephalogram. The editors presumably have it 
in mind that readers will be psychologists with possibly small knowledge of physics and 
engineering, and have included an opening chapter called “Basic Physical Principles." 

The contributors are mainly British. Some are essentially engineers, the others are 
biologically trained and are mainly psychologists. The engineers write well about 
engineering; the biologists are not always so successful. Tam notina position to comment 
on how sensibly engineers or biologists have written about biological matters. 

Such is the pace at which technology advances that it is difficult enough for an engineer 
to keep up with new developments. To teach what he knows to a biologist so that the 
biologist can dispense with his (the engineer’s) services is, except in rare cases, rapidly 
becoming impossible. I feel, therefore, that in so far as Manual of Psychophysiological 
Methods serves to introduce the subject to the young psychologist, to tell him what 
techniques are available and refer him to the literature, it is useful. But that in so far 
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ible i icati ji be 
as it seeks to teach him engineering, with the possible implication that he X a ead 
able to do electrophysiology on his own, it is unfortunate. As pe EA 
increasingly expensive, it becomes increasingly d e use A. ce = 3 nals, 
do so may prove more expensive, in the long run, than to hire p ee Dp eee UN 


i iei 6. 

The Senses. By Otto Lowenstein. London: Penguin Books. Pelican Original. 196 
Pp. 217. 5s. : or 
When writing a paperback for the intelligent layman, or the young pue 
School leaver, it always difficult to decide what to include, and how to uH volume is 
talking down. Professor Lowenstein makes it clear in the preface that C Hon of 
not intended as a comprehensive elementary teaching textbook, but as A E illustrate 
selected essays in which some problems are discussed in more or less detail, to reception 
particular points. Thus he includes a long section in his own area of mechanor a 

(56 pages) but only a short section on hearing (12 pages). The topics are prese: 


i i take 
a standard zoological viewpoint relating structure to function. Some of the einen y 
the classical form of a dialogue between teacher and pupil, and these are u 
pleasantly and clearl 


in’s own 
y written, having been based, one imagines, pu Toyang an d 
teaching experience. The text is usually lucid, although condensation has Say Sedo 
led to errors. For example, the mosaic theory of visual acuity seems to be acc P anon 
explain the minimum separable, while eye-movement is invoked to explain the n with 
visible. In fact the Scattering of light in the eye invalidates the first, while studie oints 
the stabilized retinal image invalidate the latter. However, these are minor P ical 
possibly more relevant for an honours text. The book concludes with a philosop SA 
dialogue on the nature of sensory experience. This is rather naive, but it is pleasan 
find a zoologist who is at least prepared to discuss it, D. M. VowLES. 


Human Spatial Orientation. By I. P. Howard and W. 

York: Wiley. 1966. Pp. 553. 84s. net. —- 

This is a largely factual compilation and a very well-organized one. The first ps 

chapters cover basic psychophysiology, including visual localization, eye movements t to 
visual direction, kinaesthesis and the vestibular System, and orientation with respec eg- 
gravity. These are followed by two chapters dealing with some wider aspects of Be. 
graphical orientation (including certain of the disorders to which it is subject in com o 
quence of brain injury) and two chapters dealing with the rather special propler ce- 
orientation and perceived shape. Finally, intersensory localization, the effects of disp iefly 
Vue cw i retinal image, and problems of orientation in the weightless state, are brie 
considered. 


B. Templeton. London and New 


ted 
) evant fields, this book will be a gold-mine of gl ee 8 
experimental data, some nothi: hey deserve to be. It also re 


e 
mselves by no means unfamiliar with current theory and prepar 
where necessary to offer shrewd criticism, in nine- 

This book is in the best traditions of experimental psychology, as it evolved e ory 
teenth-century Germany, and is refreshingly free from the current obsession with t boo 
and models. It 1s reassuring to know that two British psychologists can produce ka jf in 
as good and solid as this one, even if one of them has alas since re-orientated himse 
space. 


O. L. ZANGWILL- 
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Attention: An Enduring Problem in Psychology. Edited by Paul Bakan. Londo: 
Van Nostrand. Insight Book N 
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These historical introductions are followed by M. D. Vernon's rather comprehensive 
presidential address to Section J of the British Association (1959), and R. W. Gardner's 
(1961) discussion of “scanning principles” in relation to “field articulation." Then 
there is D. E. Broadbent’s early paper (1953) on the relation of attention to classical 
conditioning. 

These are followed by three sections dealing more specifically with the relation of 
attention to individual differences. I Maltzman and D. C. Raskin (1965) discuss the 
“orienting reflex," Bakan, J. A. Belton and J. C. Toth (1963) discuss Extraversion and 
Introversion, and J. Silverman (1964) discusses Schizophrenia. 

Finally there is a section by Hernandez-Péon (1964) summarizing some of the 
physiological work of his colleagues and himself up to that date; and the book concludes 
with a section by J. A. and D. Deutsch (1963) in which they discuss Broadbent's ''filter'" 
theory, the work of Hernández-Péon's school, and also other recent work. 

Professor Bakan is to be congratulated on producing so good a book on such a variety 
of topics in such a small space. G. C. GRINDLEY. 


Amnesia. Edited by C. W. M. Whitty and O. L. Zangwill. London: Butterworths. 
1967. Pp. x + 217. 64s. 

This authoritatively informative book fills a distinct gap in the literature about human 
memory. Clinical and pathological aspects of memory have long posed problems for 
physicians, neurologists, psychiatrists, lawyers, and psychologists. From practical 
diagnostic and medico-legal points of view, these problems are urgent in their own right. 
From a more scientific viewpoint, they are both valuable and difficult: valuable because 
they force attention on the full intricacies of memory and memory losses as they occur in 
the total functioning of the person and, so, act as corrective to the sometimes myopic 
theories fostered by purely theoretical speculation or laboratory experiment: difficult 
because they demand the exercise of sensitive naturalistic observations and clinical 
probings under conditions which are not always conducive to the drawing of firm con- 
clusions. Over the years, these valuable clinical studies have cumulated and shown an 
increasing semblance of order; more recently, these studies have been augmented by 
relevant sophisticated work in neurology and experimental psychology. The result has 
been a growth of knowledge about amnesia which has practical applications, and also 
important implications for views of normal psychological functioning. There has, how- 
ever, been no single book which broadly surveys this contemporary knowledge. Ammnesia 
is just such a book. Its nine chapters have been written by a total of ten specialists, all 
familiar at first-hand with their respective topics. These authors have been coaxed into 
complimenting each other so as to provide a readable, comprehensive, up-to-date account 
of knowledge about abnormal memory losses. This account is an invaluable reference for 
those who must deal with practical problems of amnesia in hospital or court-room. It is 
a richly convenient source of clinical and experimental data for those concerned with 
scientific problems of memory. And it will surely stimulate new thinking and enquiry in 
this entire area which has such relevance for central questions about psychological function- 
ing. For all of these reasons, this book is timely and eminently worthwhile. . 

Throughout the book, memory is depicted as a biological capacity, of very consider- 
able complexity, which is related to the physical structure and function of the central 
nervous system. From the different chapters, there emerges a group of recurring themes 
and also an overview of memory organization which, though tentative and open to future 
elaboration, is faithful to a wide variety of cited findings and current ways of thinking 
about functional issues. So much of the book is itself a review that it would be in- 
appropriate, here, to do more ton ur ca pem TE Eas ag inh a 

i i ¿perimental studies o a ^ keys; 
Weiskrantz; considers expel Y esic conditions have been selectively produced by 


cites the extent to which various amn c B aa 
experimental ablations; and it concludes with a rough model of memory which involves 


notions of short-term traces, long-term traces and their autonomous strengthening, and 
“noise” levels. These notions are echoed in subsequent chapters which are more exclu- 
sively concerned with human findings. Explicit consideration of human amnesia begins 
with an overview, by © W. M. Whitty and W. A. Lishman, of the transient and persistent 
memory losses accompanying cerebral diseases of various kinds: and it continues with more 
detailed considerations by O. L. Zangwill on the amnesic (Korsakoff) syndrome; by Whitty 
and Zangwill on traumatic amnesias associated with head injuries; by Brenda Milner on 
amnesia following operation on the temporal lobes; and by Moyra Williams on memory 
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disorders associated with electroconvulsive therapy. J. B. Brierley then turns attention 
to the evidence obtained from neuropathological examination of the human brain in E 
of amnesia; E. Stengel attends, more briefly, to psychogenic loss of memory ; ana ans A 
medico-legal aspects of amnesia are reviewed by T.C. N. Gibbens and TE. Hall Wil jamsi 
Throughout, the editors have kept tight control of their distinguished contributors so : 
to avoid the disharmonies of multiple authorship and produce a work which is both co 

herent and remarkable for the sheer amount of useful information and suggestion it con 
tains. The editors have done a great service by bringing so much material together oe 
so well. This review can best conclude by endorsing the words of Sir Charles Symon I 
who, in his preface, writes “I am sure that this book will gain the success it deserves m = 
hope that it will reappear in further editions, to keep pace with the advance of knowledg 

in its field.” I. M. L. HUNTER. 


Brain Function. Volume III: Speech, Language and Communication. Edited by rawas 
C. Carterette, UCLA Forum in Medical Sciences. No. 4. University of Californ 
Press. London: Cambridge University Press. 1967. Pp. xiii + 279. 96s. 


This is the proceedings of yet another “‘inter-disciplinary”’ conference, held in Noven 
ber, 1963. The disciplines represented comprise neurology, psychiatry, communica oye 
engineering, neurophysiology, phonetics, linguistics, experimental psychology and eh 
physics. Communication between their representatives seems on the whole very mu 
better than might have been feared. b 

To experimental psychologists, the most interesting chapters will probably be those y 
Ira Hirsch on audition in relation to speech perception and Eric Lenneberg on develop 
mental factors in speech perception. But for those with more esoteric interests may ba 
mentioned Norman Geshwind’s sympathetic account of Carl Wernicke and his work an 


Roman Jakobson’s discussion of linguistic types of aphasia. There are also chapters by 
C. E. Osgood, C. A. Ferguson and S. M. Lamb. p E 


O. L. ZANGWILL. 


Annual Review of Psychology, Volume 18. Edited by P. R. F; n McNemar and 
Q. McNemar. Palo Alto, Californ x eS WOEE, Os 


ja: A 1 view: | (Pp. G00: 

CES PIN nnual Reviews Inc, 1967 P. 
This volume contains the following chapters: Perce tio | Vies 
"his | : n, by D. E. Johannsen; : 
De by F. A. Mote; Comparative Psychology and Éthologyl by J. P. aa 
eve opmental Psychology, by H. W, Stevenson; Educational Psychology, by Mes 
poten. Projective Methodologies, by S. Fisher: 
est Mentor T. A. Keats; Value: Behavioral Decision Theory, by G. M. Becker i- 
D em em as Dynamics, by H. B. Gerard and N. Miller; Psychotherapy, PY 
Audition, by J. J. Zwiclo nu ani Classification of the Behavior Doorda by J. Zu hn; 
» by J. J. Zwislocki; Organizational Psychology, by R. P. Quinn and R. L. Faye 
Klein, H. L. Barr and D. 1^ Wolitzky. Hardly more than 4 
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something of an exception, but Decision Theory has grown rapidly since 1961. Itis more 
common for authors to be forced to this sort of conclusion: ‘Research on personality and 
social development is characterized this year by extensive and detailed studies of traditional 
topics, rather than by the appearance of anything that resembles a new look,” This 
sounds like a dispatch from the Paris fashion shows in a year when the couturiers are on 
strike. 

Thirdly, authors are faced with deciding how much space to allow themselves for com- 
menting on the material they review. Clearly, for many of the topics chosen, an author 
cannot be expected both to refer to most of the work in his area and to offer any estimate 
of its value. Many of the differences between chapters arise from different attempts to 
solve this problem. Some authors (Stevenson, for example) see their task as being to 
summarize as much material as space allows them. One wonders whether the reader 
would not have gained at least as much from an afternoon in the library glancing through 
the paper summaries in relevant journals. Others deliberately restrict the scope of their 
chapters to leave themselves more time for discussion; thus, for Scott Ethology becomes 
work on the relationship between behaviour and evolution, and for Anderson Educational 
Psychology is mainly programmed learning. In Scott's chapter the restriction seems to 
me to produce an eccentric result; amongst other things it leads him, rather oddly, to 
criticize Lorenz's hydraulic model for having “no counterpart in the nervous system of any 
known animal.” In Anderson's it is worthwhile since it gives him the opportunity for 
quite detailed discussion of a number of topics in the field of programmed learning. Per- 
haps the worst solution to this problem is that of Gerard and Miller who state their inten- 
tion only to discuss work that they consider to be of high quality but then leave themselves 
no space for saying why they think the work they choose is good. There is no point in 
simply stating that a paper is "fine" or "interesting" unless one has time to say why. 

There is no sign that previous criticisms of the style of most of the writing in the 
Annual Review have had any effect. When an author writes, ‘There is very little research 
investigating the possible instrumental value of conformity as an illicit form of eliciting a 
positive self-evaluation from someone else," he must expect to lose his reader's attention. 
Itis not pedantry that makes one object to sentences like this, but a concern that language 
should continue to be useful. M. H. SHELDON. 


Contemporary Approaches to Psychology. Edited by H. Helson and W. Bevan. Princeton, 
New Jersey and London: Van Nostrand Company. 1967. Pp. xii + 596. 
£5 16s. 


This is the successor to Theoretical Foundations of Psychology (1951) and contains 12 
chapters aimed at the advanced student. Two of the contributions come from the editors 
("Perception" by Helson; “Behavior in Unusual Environments" by Bevan) and the re- 
mainder range from “Engineering Psychology" by Adams to Guilford’s chapter on 
Creativity. 

Unfortunately, the approach of these contributions is not quite “contemporary.” 
Collections of essays seem to have the habit of taking a long time to get to press, par- 
ticularly when the idea for writing them comes from a publisher rather than the authors. 
Much of the work here has been written 4 years ago or more, and the chapters that attempt 
a review of the current literature are inexcusably out of date. Several otherwise excellent 
contributions have suffered badly from the long delay in publication, amongst them the 
chapter on Neurophysiology by William and Martha Wilson, and “Motivation and 
Affectivity" by Hall. Both would have been useful reviews if published a few years ago, 
but an idea of the disadvantages from which they now suffer may be gained from the fact 
that the Wilsons’ discussion of self-stimulation mentions none of Deutsch’s work, while the 
section on the physiology of learning has no references later than 1962. 

The title of the book is a bit misleading for another reason. A number of the chapters 
are not concerned with contemporary approaches at all, and settle either for a rather 
general discussion of long-standing problems or for a straightforward historical survey. 
Bitterman's entertaining account of “Learning in Animals" is of the last kind, and can be 
recommended equally to those wishing an introduction to the classical problems of learnin 
theory, and to those contemporary anti-theorists who seem to need reminding that the 
problems are still with us. Another line of approach that can be seen in the various 
chapters is the “Methodological,” in which an attempt is made to define the proper subject 
matter and methods of a particular subject. For example, Phares in “The Deviant 
Personality” is worried mainly by the old problem of defining abnormal behaviour; he 
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; g 
has read his Szasz and gives the reader a lot of far from innocent fun by ao komm 
that the concept of mental illness is a “hoax.” It is supposed to be healthy z m UD 
to look at their underlying assumptions in this kind of way, but it is easy = a 
examination to become a bit neurotic. If they share this reviewer's rather unsop SEE 
enthusiasm for mere experimental detail, readers may well feel cheated by the fo 8 
illuminations: “ 2 

“To be part of Science, the results of observation must be formulated in terme T 
place them in the public domain” (p. 91 “Behavior Genetics": Hirsch and Erle: 

1) " Y. ck "av. 
—— dor is always, in an essential sense, a physical phenomenon, for it x ce o 
instigated, immediately or otherwise, by a physical energy change impinging 
organism” (p. 386, “Behaviour in Unusual Environments": Bevan). * 

“Science is an intellectual discipline" (p. 181, “Verbal Learning : Bower). ioma 

The trouble with these heart-searchings is that they are simply used to pa AES 
Introduction, and are then put aside. Lanzetta and Sieber in their chapter EE by 
Psychology ask “What is an Experiment?" (p. 529), but have forgotten their beens et 
the time it comes to describing as an experiment something that tests the vem they 
symmetry” model of social behaviour by showing that “if X and Y like one a Tt tHare 
will tend to similarly evaluate an event which they have just discussed" (p. 54 Sind 1s no. 
are any genuine points to be made about procedural difficulties in any sauen 2 chapter, 
reason why they should not be illustrated by examples all the way through PU hologica 
as they are in Garner and Creelman's discussion of "Problems and Methods of Psyc uzzling 
Scaling." An example of what can be achieved in this way is Hall's account of the puzz 
way in which one-group versus two-group experiment 
variety of questions about secondary reinforcement, s 
primary reinforcement to the strength of a secondary 
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The Hypnotic Investigation of Dreams. By C. Scott Moss. London and New 
Wiley. 1967. Pp. xi + 290. 6os. 


: m the first part of this book, the author reviews both clinical and ape 
oi hypnosis and dreams, with Special referenc h ically induced dreams. 
treatment, though fairly standard e to hypnotically in 


: ; is full and Surprisingly critical. The second 
printed from the J 


York: 
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amp may yet appear in Paperback O. L. ZaNGW! 
The Dynamics of Behavior Devel j ; ; ing-Yang Kuo: 
0; že 2 . By Zing-Xa 4 
Random House Studisci pment: An Epigenetic View y york 


in Psychology (Consultin, Editor, L. J. Stone) New 

: peas House, 1967. Pp. xii Fi da hau plems 
I A0 was a convert of Behaviourism who became specially interested in PTO? "its 
of individual development, h he is remembered particuecly for his experime 


ifists) 
: together (which dished McDougall and delighted pact"? is, 
Dr. Kuo also published a number of studies of enano hehasdonr, especially 1n ime 
But since the outbreak of the last war Dr, Kuo appeared to have vanished, and as he 


2 and 
Self says in his Preface many of his frie OR 

à nds have w hat had become er, 
younger students of behaviour mayn ups Wondered yha howe’ 


Ot even recognize his name. It transpires, ritish 
past 20 years Dr. Kuo has “resided as an uninvited guest in ee 
ong Kong” where he has been “enjoying the rare luxury of the fre 


BOOK REVIEWS 379 


emphasis on the need for an inter-disciplinary approach to the problems of behaviour. It 
would be nice if this "uninvited guest" whom we have unknowingly harboured so long 
could be cordially invited to attend the XIX International Congress of Psychology in 
London. O. L. ZANGWILL. 


Self-Evaluation: Concepts and Studies. By James C. Diggory. London and New York: 
Wiley. 1966. Pp. xiii + 477. Sos. 

Diggory and his associates have carried out a series of studies in which phenomena 
connected with the self are experimentally manipulated. Their main dependent variable 
is estimated probability of success at laboratory tasks—rather like level of aspiration. 
Studies are reported of the effects of success and failure, generalization from one task to 
another, the effects of observing the success or failure of others, and of mental patients. 
The experiments are carefully conducted, but have not used some of the more interesting 
ideas coming out of clinical studies of the self by such psychologists as Maslow and Erikson. 

MICHAEL ARGYLE. 


The Psychology of Interpersonal Behaviour. By Michael Argyle. Harmondsworth: 
Penguin Books Ltd. 1967. Pp. 223. 4s. 6d. 

Anyone taking a casual glance at this book could easily underestimate its importance. 
At first sight it is largely a catalogue of various ways in which people have social contact 
with one another and of research which has been done on the problems which arise during 
such contacts. It is, however, much more than this: it represents the first full survey of 
the leading ideas and results of a programme of research into social skills started at Oxford 
by the author and Dr. E. R. F. W. Crossman with initial backing from the Human Sciences 
Committee of the former Department of Scientific and Industrial Research and now from 
the Social Sciences Research Council. The aim of this research has been to treat social 
contacts as a type of situation in which social skills are exercised, and to analyse these in 
the terms which have been developed over the past quarter century for sensori-motor 
Skills practised by individuals in laboratory experiments, in using service equipment and 
in industry. By doing so, it brings a welcome breath of fresh air to the study of social 
behaviour and a closer link between this and the main body of Psychology than has 
existed hitherto. 

After a brief editorial foreword and a preface, the text is divided into ten chapters. 
These are followed by an “epilogue,” valuable lists of references and suggestions for further 
reading, and short indices of names and subjects. The key to the book is in Chapters 5 
and 6. In the former, basic ideas about social skills are set out, and individual and social 
Skills are compared under six main heads: 

(1) The need for defined goals or aims—skill is regarded as essentially a flexible means 

of attaining goals. 

(2) The development of selectivity in perception. 

(3) “Translation processes” relating perception to action. 

(4) Actual motor responses. 

(5) Feedback and the corrective effects it produces. 

(6) The timing of action within a complex overall pattern. 

The author then goes on to list certain needs which he suggests are special features of social 
Skills and not present in manual skills. They are to (a) establish rapport, (b) keep the 
Other person “in play," (c) motivate him, (d) reduce anxiety and defensiveness, and (e) be 
Concerned about the impression made on the client. The chapter ends with an outline of 
What the author regards as marks of social competence: perceptual sensitivity, warmth and 
Tàpport, a repertoire of social techniques, flexibility, energy and initiative, and "smooth 
response patterns.” É f 

Chapter 6 describes some of the extremely interesting experiments which have been 
carried out by the author and his team. The other chapters deal mainly with the work 
of Others, but clearly aim at re-casting it in a way which enables it to be viewed in terms of 
Social skills, j 

.,, Fhe book shows some evidence of haste. For example, statements are occasionally a 
little Sweeping and it is not always made clear that the differences between groups or 
effects being discussed are statistical rather than absolute. Again, many of the "special" 
features of social skills look on reflection as if they could be subsumed under those common 
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to motor skills as well. These faults are trivial, however, compared with the substantial 
re-thinking of almost the whole field of social psychology from what is potentially a very 
revealing angle. 


A. T. WELFORD. 


The Causes of Behaviour II. Second edition. Edited by Judy F. Rosenblith and Wesley 
Allinsmith. Boston: Allyn and Bacon. 1966. Pp. xv + 608. $6.95. 

This is a large book, and a solid one. Like so many other present-day psychological 
publications, its main content consists of a collection of papers and extracts by different 
authors. The intended readers are students in developmental, educational and child and 
adolescent psychology. The book offers them information ranging in date from 1905 to 
1965, and in topic from L. S. Kubie's Introduction to “An Application of Psychoanalysis 
to Education" (by R. M. Jones) to D. G. Freedman's paper on “Constitutional and En- 
vironmental Interactions in Rearing of Four Breeds of Dogs." Great names rub shoulders 
with the less eminent, opinion and theory are intermingled with experimental studies, and 
while some selections run to I4 pages, others occupy less than a page. Clearly a book of 
this kind must depend for its efficacy on the organization achieved by the editors and the 
guidelines they provide for the reader. These are largely, but not uniformly, successful 
here. Each section has a useful introduction in which comments of a general kind are 
made on the field of study of the coming selections, and their content is briefly discussed. 
* Ud d providing ib context for reading, the introductions are taken as an op Re 

unity to define terms and to mention i /hi vill extend th 
indents knowledge of the field. SiPElémentény Seeding, wish: ull nee 

Four reflective articles introduce the book as a whole. They are by Allport ("Psycho- 

(“Behaviorism at Fifty"), Bruner ("Freud and the 
n Approach to Values: the Valuing Process 
€ been chosen by the editors to emphasize the diversity 
ie ee organization is in terms of eight cales 
- i A ] 
Settings and Specific Stimuli, Group Membershigs pes Pme ev rey Mani Se 2n 
Intelligence. After a section discussing "Motivational Resultanto," the book closes wit 


al implications. The student 9 
be well advised to make mire ee i is start on @ 
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eads to unsatisfactory results. Some as 
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